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ABSTRACT

The popularity of the suction dredge for gold mining has greatly increased in
recent years. The effect of dredge mining on anadromous fish and habitat is poorly
understood and there is a need to assess its impacts. This study evaluated impacts of
suction dredge mining on anadromous fish, invertebrates and habitat in Canyon Creek,
Trinity River Basin California.”™ Suction dredge mining in the lower 18 km of Canyon
Creek is permitted from June 1 to September 15. Dredging is permitted until October 15
on tributary streams. The maximum permitted dredge intake hose size is 15.24 cm.
Seventeen suction dredges operated yearly in Canyon Creek from 1980 through 1985.
Dredging occurs in the wetted perimeter of the stream and a cone shaped hole is dredged.
In 1984-1985, meap dredge hole depth was 1.3 meters, meay surface area disturbed by a
dredge, was 42 m" and total area disturbed was 1140 m®. Canyon Creek has about
855 m~ of suitable spawning gravel. About 6% of the area disturbed by dredging was

. visible the following vear. | Dredging activity did not appear to affect spawning site

selection by chinook salmon and steelhead or the distribution of spring-run chinook salmon
or summer-run steeihead holding in Canyon Creek. Salmon and steelhead were observed
spawning in the vicinity of recent dredge activity, but fish did not spawn on' dredge
tailing piles. The effects on benthic invertebrate functional feeding groups were variable.
Grazers and shredders were significantly more abundant above dredging and gatherers more
abundant below. No significant impacts were noted for filterers. Some damage to the
habitat occurred. Twelve percent of the dredgers channelized portions of the stream, 20%
damaged some riparian habitat and 30% impacted a limited area of spawning gravel. The
studies demonstrated that the impacts of suction dredge mining on fish and habitat were
moderate at the current level of suction dredge activity. The impacts were seasonal and
site specific. The current regulations controlling dredge aperature size and season ‘appear
adequate to protect habitat, but careful monitoring of mining activity is advised. '
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e B '~ INTRODUCTION

The use of the suction dredge in gold mining has increased in California in recent

years as a result of high gold prices and the versatility .of the portable suct_i_on dredge.

The number of suction dredge permits issued annually by the Califprhia Department of
Fish and Game (CFG) rose from 3,000 in 1975 to a higﬁ of ‘13,‘000 in 1980 and dropped to
7,300 in 1985. The effects of dredge mining on anadromous fish, benthic invertebrates,
and habitat are poorly understood and there is. @ need to assess these impacts in order to
make management decisions for riparian and aquatic habitats. |

A number of studies have investigated the impacts of placer mining on aquatic life.

Smith (1939) and Sumner and Smith (1940) founﬁ' that salmonids -avoi‘ded spawning in

streams that were silted from placer mining m Califdrnia. Casey (1959) observed the
elimination of éalmonids from a reach of stream degraded by a large dredge operation.
Prokopovich and Nitzb'érg (1982) determined through petrographic analysis tﬁat» much of the
spawning gravels used by salmon in areas of the American River Basin were excaved by

placer -miniﬁg. LaPerriere (1984) observed a reduction in primary production from

turbidities of 1665 nephelometric turbidity units (NTU) downstream of placer mines in

Alaskah streams. In a related study, Reynolds (1984) fo.ﬁn_d that Arctic grayling Thymallus

arcticus avoided -streams -with placer mining siltation.

The impacts of suction dredging on aquatic life and habitat depends on the size of

the dredge and the extent of dredging. Campbell (1962) observed the effects of siltation

on rainbow trout Salmo gairdneri eyed eggs and fingerlings below a large gold dredge
operation in the Powder River, Oregon. Eyed eggs maintainéd in hatching baskets had
100% mortality and fingerling 57% in the Powder River test area. Eyed eggs had 6%
mortality and fingerling 9.5% in the Smith Creek control area. ._Griffith‘ and Andrews
{1981) measured mortality rates of eggs, sac fry, and fingerling trout after dredge

entrainment. Uneyed cutthroat trout {Salmo clarki) eggs had 100% mortality and eyed




eggs 35%. Rainbow trout sac fry had 83% mortality 20 days after entrainme.nt. L_ewi's

(1962) used a 12.7 cm aperature dredge in Clear Creek (Shasta County, California} to

examine its effects on gravel and found that dredging could improve the mtergravel"
environment for both fxsh eggs and benthos if the stream was umformly mmed He also""‘f"‘ E
found dredge entrained benthos suffered a 7% mortality. Harvey et al. (1982) im_lestiga_ted .

the effects of suction dredge mining on fish, invertebrates and water quality 'in thre:e_'

Sierra streams. They observed significant localized alteratmns of the streambed and that

the abundance .of benthos and riffle sculpm Cottis gulosu was adversely affected

Thomas {1985) used a 8. 4 cm aperatura dredge on a small Montana creek and"

!

studied the reeultmg physical and blo_lo_gwal lmpacts ‘?vhe found that suspended sedlment‘ - e

returned to background levels within 11 m of suction dredge mmmg

The effects of dredgmg on 1nvertebrates 1s usually temporary and site speclfic

Lewns (1962) observed low invertebrate entramment mortality and recolomzatlon after 90 -

days. Gmfﬁth and Andrews (1981) observed that less than 1% of entramed mvertebrates

were injured or died within 24 hours and that stream areas were recolomzed after 38

»days. Harvey et al. (1982) found a significant localized alteration in benthic- invertebrate
commumtles due to dredgmg which was assoc1ated w1th changes in the degree of

embeddedness of cobbles and boulders. Thomas (1985) found sxgmflcant local alteratxons K

of benthic invertebrate abundance and recolomzatnon w1thm 30 days.

Dredgers cause damage to the habltat especmlly when mmmg regulatlons are not

followed. McCleneghan and Johnson {1983) surveyed 54 streams in Cahforma for suction

dredge mining impacks and found that 88% of miners .were operatmg, within pe_rmlt'

regulations. However, they observed the following instream dredge alterations:
undercutting banks, channelizing stream, riparian damage, and bank sluicing.

The detrimental impacts of fine sediments on streams has been reviewed by several

authors (Cordone and Kelley 1961;' Gibbons and Salo 1973; _Iwamoto et al. 1978)._ Fine

sediment resulting from logging has been shown to impact fish habitat, and trophic. -

2




composition of benthic invertebrate communities (Tebo 1955; Burns 1972; Moring and Lantz
1975; Murphy and Hall 1981). High gradient stream systems are often less affected by
logging sedimeﬁts due to transport, but the sediment accumulates downstream (Newboldv et
al. 1980; Murphy et al. 1981). High silt loads observed in streams negativéLv impacted
benthic invertebrates (Chuttgr 1968; Nuttall 1972). Artificial stream experiments havga
shown 'sediméntation impacts on -benthic communities (Gammon 1970; Brusven and Prather
1971; Bjornn et al. 1974; Brusven and Prather 1974; Bjornn et al. 1977; McClelland and
Brusven 1980). Sedimentation hampers upstream movements of benthic invertebrates
(Luedtke and Brusven 1976), and increases downstream drift (Pearson and Franklin 1968).
Streatﬁ .bott.om composition determines the abundance and composition of benthic
invertebrates (Erickson 1963; Cummins and Lauff 1969; Wiliiams 1980). Substrgﬁﬁe méy
determine benthic community structure through the extent of interstitial spaces .ﬁ;\‘dinshall
and Minshall 1977) and debris retention (Williams and Mundie 1978). Brusven ar;d Rose
(‘1981) demonétrated that sculpin predation on aquatic insects was .signi‘ficantly influenced
by subétrate compositioﬁ. Conversely, stream gravel cleaning reduced benthic invertebrate
populations in southeast Alaska streams (Meeham 1971). Benthos recolonization of a
-denudeld stream is primarily throﬁgh drift (Waters 1964).
Sediments have been found to have a negative in‘lpact on salmonids. Low hétching
_ success has been reported fof salﬁnonids at high sediment concentrations {Shaw and Maga
1943; Cooper 1965; Shelton and Pollock 1966; Hausle and Coble 1976; Turnpenney and
Wilvliamsb 1980).  Growth of salmon and trout was also low when sedimentation and
turbidity were high {Cordone ana Pennoyer 1960; Crouse' et al. 1981; ‘Sigler et al. 1984).
~ Streambed alterations from sedimentation have resulted in reduced fish growth and
standing crop (Rees 1959; Saunders and Smith 1965; Moyle 1976).
| The objectives of fhis study were fo ‘assess the extent and impacts of suction

dredge mining on juvenile and adult salmonids, benthic .inveftebrates, and habitat in

Canyon Creek Trinity County California.




CANYON CREEK

Canyon Creek, a fourth order stream that drains 168 square km (Table 1),
originates in glacial cirques and lakes of the Trinity Alps and flows south into the Trinity
River at Junction City, California (Figure 1). During 1982-1985 summer flows in Canyon
Creek range from 0.28 to 1.4 m3/s and winter flows up to 42 ma/s. Stream elevations
along the 20.9 km access foad range from 305 m at Junction City to 884 m at Globe
Mill. T‘hompson Peak, 2744 m, is the highest point of the drainage. Forests _of. douglas
fir (Pseudotsuga menziesii), incense cedar (Libocedrus decurrens), black oak. {Quercus

velutina), pacific madrone (Arbutus menziesii), and canyon live oak (Quercus chrysolepis),

provide overhead stream cover along with species of alder (Alnus sp.), maple (Acer sp.),

and willow ({(Salix sp.). | The following fish species have been found in Canyon Creek:

steelhead, chinook salmon (Oncorhynchus tshawytscha), coho salmon (0. kisutch), Klamath

small scale su(_:ker (Catostomus rimiculus), speckled dace (Rhinichthys osculus), pacific

lamprey {Lampetra tridentata), and brown trout (8. trutta).

Table 1.  Selected geomorphic variables for Canyon Creek drainage, Trinity County,
California.?

Geomorphic variable - Canyon Creek
Drainage area (kmz) . : 167.8
Basin length (km) - 29.8
Mainstem length (km} ' . 32.3
Drainage - density 1.16
Maximum basin relief (m) 2301.8
Basin relief ratio 0.077
Stream relief (m} 1266.7
Average stream gradient (%) , ' 3.9
Channel length gutted by 1964 flood waters (km) 5.1
Average rainfall (cm) g 139.4

IMainstem Trinity River watershed erosion investigation. Dept. of Water Resources -
Northern District. March. 1980.
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Stream gradient and instream and overhead cover are variable in Canyon Creek.

The creek runs through an open canyon with large boulders and little overhead cover from

above Globe Mill to 0.4 km above Ripstein. Boulder size decreases as the creek .

continues through Dedrick and Canyon City with varying amounts of overhead cover.
Pools are numerous in low gradient areas of the stream, and some pools are deeper than
3 m. The lower 3 km of Canyon Creek opens into a wide gravel flood p_lair,i with no
deep pools (Figure 2.

The Canyon Creek Basin is characterized by warm summers and mild winters,
‘except in the. u.pper drainage which experiences more severs winters. Most qf the annual

precipitation occurs from November through March (75 to 80%) with the balance evenly

distributed over September. October, and April through June (Calif. Dept. Water Resources

1964).  The average snow level is at an elevation of 1218 m.

Annual precipitation varies from 89 cm along the Trinity River to 203 cm in the
Trinity Alps‘ (Calif. Dept. Water Resources 1964). Average annual precipitation for the
Canyon Creek area is 139 cm. Precipitation for 1983 water year (WY) (October 1982 -
September 1983) was 187% of normal (mean based on a 45 year period from 1931 through
1975). Runoff into Tfinity Reservoir at Lewiston, California in WY 1983 wés 231% of
average (Calif. Dept. Water Resources 1983). Rainfall in WYs 1983 - 1985 were 260 cm,

164 c¢m, and 113 cm, respectively.

Canyon Creek is within the Central Metamorphic Subprovice and two metamorphic -

rock units underlie the Creek - the Salmon Hornblende Schist, and the Abrams Mica
Schist (Calif. Dept. Water Resources 1980). The Salmon Formation is thrust over the
Abrams Formation (Irwin 1960). The two formations are considered the oldest of the
Klamath Mountain region. The Abrams Formation, composed of metamorphosed sedimentary
rock which includes the quartz-mica schists, interlayed marble, and quartzite or metachert

(Irwin 1960). The mica schist was formed from clays and shaly sandstones. Slopes

underlain by the schist are moderately stable, but solids are erodible (Calif. Dept. Water '
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Figure 2. Canyon‘ Creek Basin with study area outlined.




Resources 1980). The quartzite deposits were formed from quartz sandstones. The
Salmon Formation is composed of hornblende schists (Irwin 1960) which are thought to
have been formed from volcanic rocks, predominatly mafic flows and pyroclastic rocks.
The Salmon hornblende schist is erodible, and releases large amounts of clay-sized
amphibole crystals into the Trinity River (Calif. Dept. Water Resources 1980).

» Placer depos‘)its of gold are the products of erosion, trénsportation, and
gravitational concentration of lode gold. Along Canyon Crgek, gold-bearing gravei deposits
are 50 to 75 feet thick {Cox 1967). Lode' and placer mining began in the Canyon Creek
area as. earl‘y‘as 1850 (Gudde 1975); Canyon City, founded in 1851 (Joﬁeé 1981) and

Dedrick in 1890 {(Dunn 1893) were early gold mining communities. Drift mining was

extensive from 1851 through 1857 in Canyon City area {Dunn 1893). Several lode mines

operated in the Dedrick area from the 1890's through the 1930's (Clark 1970). Terrace
gravels in the Ca‘nyon. Creek Basin were -excavated extensively by hydraulic 'mining during
the late 1800's, and again during the 1930's (Averill >1941). Plaqer deposits in Canyon
Creek, as in most of California's mining country, have been more productive for gold than
other forms of mining (Irwin 1960).

The dre(ige rﬁining season in Canyon Creek extends from June 1 to September 15.
Dx;edging is pérmitted until October 15 on tributary creeks. The maximum suvction‘. dredge
intake hose sizé is 15.2 cm, althdugh. one 20.3 cm drédgg has been operat_:ed by special
permit. Some resi’c‘lent“miners repért‘ed dredge mining for ‘as long as ten years.

The loWer 18 km of ‘Canyon Creek were survéyed for dredge activity, fish
distribution aﬁd spawning and as fish habitaf (Figure 2). The impacts of suction dredge
mining on benthic invertebrates were investigated at Canyon Creek and Big East Fork of
Canyon Creek. Big Bast Fork Creek (BEF) is a high gradient (10 to 15%) third order
stream that enters Canyon Creek 17 river km upstfeam from Canyon Creek's confluence

with the Trinity River.
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MATERIALS AND METHODS
Suction Dredge Mining

The lower 18 l;m of Canyon Creek were.surveyed for dredge mining .threegho.uﬁ the '
1982-198’5 dredging seasons, _June 1to .September 15 (Figure 2). At each euction .dr’edge
operation in 1984 and 1985 the size of dredge mtake hose, number of persons workmg the
operation, and dates of dredge operation were obtamed Dredgers were classed as .

professmnal or recreational. After the-1984 and 1985 dredge -seasons, all dredge created

holes in the streambed were 1dent1fled and the length width and depth af each dredge’

hole was measured. - The surfece area of dredge tailings were div;ded into 5 s_xze classes,
boui&ei‘ {greater than 256 mm), cobble {250-128 mm) large grevel .‘ {128-32 mm), small
grave] {32-4 mm) and fmes (less than 4 mm) -and measured Determination of ob'erational
impacts at each dredge site were assessed as in McCleneghan ehd Johnson (1983).
Impacts included stream channelization, bank undercutting, Ari_pai-i‘an damage, sluieing of the -
bank end impac.t upon suitable spaWnipg gravels. In the s.‘ummers of 198‘5 »and 1986, each
dredge hole from the 1984 and 1985 mining season was remeasured to determine the
amount of hole and tailings' remaining. A longitudinal profile of a lepge dredge hole was

constructed from cross section measurements taken in'.October 1984- and July 1985.
N )
Channel Morphology

Streael gaging stations and channel cross eections were established (1984-1985)
along the lower 16 km of Canyon Creek (Figere 3). Gage 1. was operated from January
1984 to September 1985, gage 2 from July-Oct‘obe: 1984 and gage 3 from October 1984 to
September 1985. At each gaging station a steff gage was installed and periodic discharge
measurements were taken With a pygmy or Price AA current meter, A gage s’eage-stream

discharge relationship was established by regression anaiys.i.s; wetted perimeter, depth and
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velocity also were measured. Canyon Creek was divided into 3 sections based on stream
substrate, gradient and channel configuration and a cross section was established in each
section. =~ At each cross section thg -following' chénnel parameters were meagured:
geometric mean particle diameter and Manning's n determined by pebble count (Dunne and
Leopold 1978); embeddedness by an "o'cular. rating of substrate characteristics (Platts et al.
1983); ba_ﬁkfull channe! dimension and dischérgé estimat;ed by cross-sectional éhannel
survey with level and stadia rod, and examination of channel bankfull indicators (Dunn_e
and L;opold 1978). Channel stability was éstimated between July 1984 and'. July 1985.

Streambed aggredation/degradation rates were calculated and the net change of cross-

sectional area determined.

Water Quality

Water quality parameters were measured at 4 stations along the lower 16 km of
Canyon Creek during 1982-1935 v(Figt’xre 3). Stream femperatures were measured with a
pocket thermometer, maximum and minimum thermometer and a recording thermogrqph.
Water samples were collected with a DH-48 depth-intergrating sampler (Guy 1970). Al
water sampleé were analyzed for turbidity by a Hach Turbidimeter Model 2106A and
conductivity by a Beckman Solubridge Type R.B.-5. Some samples were analyzed forl
suspended sediment and ’total dissolved solids. Suspended sediment was defermined by
filtration of 100 ml of sampled water through Whatman GF/C filter paper. ‘Residue was
dried at 100°C for one hour and weighed. Total dissolved solids were measured by

evaporation of the filtrate for 24 hours at 100°C and then weighing the residue.
Dredge Impacts

During the 1985 mining season, two suction dredge operations on Canyon Creek
were monitored to assess dredge impacts on channel morphology, water quality, fish
_ habitat and number of steelhead young-of-year (Figure 3). At both dredgs siﬁes transects
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were established at 4, 9, 16, 25, 36 and 49 m below the dredge and ohe site upstream of
dredge with channel characteristics similar to below dredge zoﬁe. Along each transect the
following (pre- and post-mining) streambed parameters were measured: Channel cross-
section, surved with level and stadia rod; substrate particle diameter from pebble counts
(Dunne ana‘ Leopold 1978); one hundred pebbles were examined and divided into 13 size
classes (modified Wentworth scale) for calculation of geometric mean particle size (dg) and
a sorting coefficient (So) (Platts et al. 1983); embeddedness determined by an ocular
rating of substrate chéracterisfics (Platts et al 1983). During dredging, ﬁater samples
wére collected with a DH-48 sampler along each transect. Turbidity and suspended
sediments were measured as previously described. .

Sediment deposition was measured during dredging at upper dredge (site 1) 4, 9 and
16 m below dredge and above dredge and at lower dredge (site 2) 4, 9, 16 and 25 m
below dredge :and above dredge. Deposited sediment (less than 2.mm) was sampled by
burying 3 cans (15.24 cm diameter) filled with washed, rounded gravels (2.5 to 10.2 cm
diameter) flush with the substrate surface along each transect (Meeham and Swanson
1977). | Cans were removed after 24 hours (2.5 hours of dredge mining). The gravel was
removed from each can and sediment dried at 100°C for 3 hours. Dry sediment was
sieved on a shaker for iO minutes into 7 size classes (greater than 2 mm, 2-1 mm, 1-
0.5 mm, 0.5-0.25 mm, 0.25-0.125 mm, 0.125-0.063 mm and less than 0.063 mm) and each
© size weighed. |

To assess the influence of dredginé activity on salmonid juveniles, a 30 m length
of stream (20-50 m) below dredge and a 30 m length of stream above dredge were dove

for direct observation of fish before and after dredgfng.
Juvenile Fish

Nine juvenile fish sampling stations were established in the lower 18 km of Canyon

Creek (Figure 4). At each station 100 feet of stream were blocked with nets and sampled
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Figure 4.
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with a backpack electroshocker in September. In 1982, all stations were electrofished, in
1983, stations 1, 5 and 8 and in 1984 stations 1, 4, 5 and 8. Fish were counted,
measured fork length (FL) weighed (g) and a subsample preserved in 7% formalin and
transferred to 70% ethanol. In 1984, fish were measured and weighed in the field and a

sample preserved. Only 17 juvenile coho salmon were captured and they were not

included in population analysis. The number of juvenile steelhead per station was.

estimated each September with the muitiple péss Moran and Zippen method (Everhart et
al. 1975). The program Growth {Collins 1977) was used to compute the following: length-
weight .relationship, condition factor aﬁd body length-scale length relationsﬁip; The
relation between the length and weight of living and preserved fish was determined by

regression analysis. Steelhead biomass in the fall of each year was calculated from

corrected preserved weights and population estimates of young of year and juvenile

steelhead.

Stomach contents of 70 steelhead sampled in September 1982 were analyzed.
Organisms were keyed to the lowest taxa, counted and volume measured. Taxa volume

per stomach was determined by water displacement in a. pipet to 0.001 ml. Fish .cqllected

at the stations were combined by stream area for stomach analysis as follbw:_s; Stations -

1 and 2 (lower stream), stations 4, 5 and 6 (mid stream) and stations 8 and 9 (_ﬁp Str‘eam,).'
Adult Fish

The lower 18 km of Canyon Creek were surveyed for adult salmonids holding and
spawning in the creek. Pools and runs deeper than 0.6 m were ‘e‘xamined' for. spring
chinook salmon and summer steelhead in August (1982, 1983, 1985). -Dﬁrers identified

species, estimated tc_)tal length and noted tags and fin clips for each fish l'ong'er than

about 40 cm. High stream flows in 1983 precluded an accurate survey. ' A biweekly.

survey during the spawning season {October-May) in 1983-1985 and fall of 1985 was

conducted to locate salmonid redds. Redd léngth was measured from the upstream edge’
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of the excavated pit to the downstream edge of the tailspin. Width was measured across
the mid-portion of the redd in the vicinity of the mound. Redd area was detet-mingd by
multiplying length by width. Water velocity, taken at 0.12 m depth with a pygmy cur;ent
meter, and water depth were measured at the upstream edge of each redd or
approximately 0.5 m laterally from the redd. Substpate composition at the spawning areas
was determined as described by McNeil and Ahnell:is‘(‘:ll.ié64). Al substrate was sieved dry on
a shaker for 10 minutes. The »t:welve sieves rangeﬁd from 0.063 mm to 76.1 mm

Geometric mean particle diamet-:er and the fredle index were calculated for each substrate
sample (Lotspeich and Everest 1981). Total suitable spawning gravel area in Canyon
Gre_ekvv‘lés estimated by measuring all areas that contained atv leési 3.5 m2 of spawning
gravel (at a discharge of about 4 m3/s) during :Januar:y-March 1985. Stream edges and
side channels were scanned visually for fry during the biweekly spawning surveys. Limited

electroshocking of side channels was conducted during spring 1984 and 1985. High water

flows limited observations.

Invertebrates

A basket type artificial substrate (BAS) was used to sample aquatic invertebrates.
The sampler was 25.4 cm long, 10.2 cm wi‘de and 6.4 cm high with a volume of 1658 cm3
and construqted of 1.3 ¢m mesh hardware cloth (Figure 5). The sampler was filled with

rounded, washed graded cobble 1.9 c¢cm to 3.8 c¢cm diameter. The BAS samplers were

. placed as follows: Site 1, BEF above dredge; Site 2, BEF (40-113 m) below dredge; Site

3, Canyon Creek above BEF; and Site 4, Canyon Creek beldw BEF (Figure 35. Sites on
both creeks had similar substrate, tree cover and slope. Two 4 inch suction dredges
operated from August 3, 1983 to October 4, 1983, A study was conducted ét Site 3 in
April 1983 to determine sample sized as described by Platts et al. {(1983). At each site a
grid was mapped and BAS samplers were placed at similar depth, velocity and substrate.

The samplers were set flush with stream substrate. At Site 1 and 2, 28 BAS samplers
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were set at each site and at Site 3 and 4, 14 at each site. Sampler placement began
August 31 and was completed September 2, 1983. Seven samplers were femoved after 2, .
4 and 6 week colonization intel;valsvat Site 1 and 2 and 7 samplers at Site 3 and 4 after
4 weeks. High stream flows prevented sampler remév_al one month after dredging stopped.
Samplers were removed at random from a site and approached from downstream. Upon
removal, the sampler was quickly placed in a 10 mesh/cm net. Water depth‘ and velocity
were measured at each sampler with a pygmy ¢urrent meter. Samplers were dismantled in
a bucket and invertebrates, organic matter and sediment were separated from the rocks .by
rinsiné fhrough a 1.27 cm .-mesh Tyler sieve. Sampler rocks_ahd organic matter were
placed in an irritant solution (Britt 1955) to dislodge clinging organisms. Sampler rocks
were aiso cleaned gently with a soft brush. Samples were poured through a No.’ 70 Tyler
sieve. Invertebrates were hagd sorted from samples; organic matter and sedirirent was
separated by density flotation (Slack et al. 1973). Organic matter and sedimé‘:nt' were
dried in an oven at 100°C for 12 hours and weighed. Invertebrates were keyed.‘under a
dissecting scope to the lowest idéntifiabl(; taxa with Usinger (1956}, Allen and‘Edmunds
(1961), Allen and Edmunds (1962), Allen'and Edn;unds (1963), Allen and Edmunds (1965),
Allen (1968), Brown (1972), Wiggins (1977), Kaston (1978), Edmunds et al. (1979) and
Merritt and Cummins. (1984).  Chironomid .larvae were cleaned and mounted (Bryce and
Hobart 1972; Weber 1973) and keyed under a compound scope using Merritt and Cummins
(1984) - -

The Shannon-Weaver diversity index (Wilhm and Dorris 1968) was used to defermine

diversity per sampler. Diversity (H') was calculated as:

$ Ni Ni
H=. = () log ()
i=i N N

et

where: Ni = number of organisms of taxa "i" in sample; N = total number of organisms in

sample; and s = number of taxa in sample. The equitability index (Platts et al. 1983) was
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employed to examine the evenness of allotment of individuals among taxa. Equitability (e)

was calculated as:

where: S = number of taxa in sample and S* = hypothetical number of taxa based on the
. diversity index (H') for a sample.

Invertebrate taxa were classified to a specific ecological functional group based ox;
the trophic feeding strategv that particular organisms assume in a community. Functional
groups wer;e classified from Merritt and Cummins (1984) as follows: Predators - carnivores
which attack prey and ingest whole animals or parts; shredders - detritivores which
consume decomposing vascular plant tissue; scrapers - herbivores that graze on algae and
periphyton; filterers - herbiirore~detritivores which filter or suspension feed on algal cells,
or decﬁmposing organic 'matter; gatherers - detritivores that are sediment or deposit
feeders on decomposing organic matter.

The invertebrate data was transformed by log (x+1). Homogeneity of transformed
data was tested with the Hartley F-Max test {Sokal and Rohlf 1981) and normality using
the G-test (Sokal and Rohlf 1981), and frequency histograms. A two-way analysis of
variance (ANOVA) was performed on all colonization periods at BEF (site x time).
Interaction effects (site x time) were investigated with ANOVA, and Tukey and Scheffe
multiple range tests (Sokal and Rohlf 1981). A separate two-way ANOVA was performed
on week four samples from BEF and Canyon Creek (site x creek). Sediment and organic
matter collected in BAS samplers was analyzed after log(x+1) transformation with two-way
u ANOVA tests with taxonomic groups. Descriptive statistics and ANOVA were computed on
SPE‘;S programs Condescriptive and ANOVA (Nie et al. 1975); and BMDP program 5D (Dixon
1981).

Abundance of common taxa in artificial substrate samplers was investigated in

terms of physical habitat variables (depth, velocity, organic matter, and sediment). All
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~ variables' were ~subjected ‘to ‘the following -transformations: 1/sq rt(y+1), sq—‘r-t(y}l), Infy+1),
1/(y+1), and iog(y+1) (Sokal and Rohlf 1981). These nominal distributions were examined
for normality with fhe programs:  SPSS Condescriptive (Nie et al. 1975), and BMDP
program 5d (Dixoﬁ 1981).‘ Independent habitat variables' were investigated with principal
component analysis. Common taxa were used as a dependent variable in a regression on
the indepen&ent prin‘cipal components.  Principal components analysis and regression on
principal componénts was performed with BMDP programs 4m a_nd._ 4r (Dixon _l1981).
Examination of the factor structure matrix and the correlation matrix of dependent
variables revealed no clear advantage of prinéipal ' components analysis over multip]e-
'regression. Therefore, physical habitat variables were entered into a multiple regression
with taxa. VMultiple regression was performed with BMDP program 1r (Dixon .1981),,__

Kick samples were taken downstream of a. BAS site -during each sampler re;novall
r period in similar stream habitat. .Invertebrates and detritué were preserved in 70% ethanol
for laboratory sorting and keying. Invertebrates were sorted from defritus and keyed\ to
_lowest taxa as described previcusly. Percentage composition of functional gro‘u.psd and
divérsity indices were cbmpared with artificial substraite samples. |

A twenty four hour drift study was conducted on October 8, 1983 at.'1000, 1400,
and 2200 hours. One drift net was secﬁred in the water column, for 30 minu_’ces each
sampling period, downstréam of BAS samplers with the top.of the drift net sﬁbmerged to
avoid excess leaf clutter.  The drift net had a 930 cm® area with 1.14 mesh/mm.
Samples were concentrated on a No. 70 Tyler sieve and preserved in 70% ethanol.
invertebrates were sprted from detritus and keyed to lowest taxa as described previously.

Water samples were collécted weekly at 30.5 cm intervals with a DH-48 depth
 integrating sediment sampler at transects 2 m below BAS samples. Discharge was
measured at a tramsect with a Pygmy current meter/; Temperature was monitored at all
BAS ‘sites with Ryan thermographs. Conductivity, settleable solids and turbidity were

measured in the laboratory as previously described within 24 hours. Water samples were
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filtered through a No. 40 Whatman filter and the residue was dried at 100°C for one
hour, and weighed. Sample volume was recorded to calculate mg settleable solids/1.
Regression analysis were used to describe the relation between settleable solids and
turbidity, and flow; and turbidity and flow.

Cans (15.24 cm ‘diameter) filled with washed stream cobble (1.9 c¢cm to 3.8 cm) were
placed flush with stream bottom to measure sedimentation rate. Sixteen cans {(sediment
traps) were placed in transects at BAS sampler sites. Two cans were removed at Sites 1
and 4 after the 4-week BAS sampling interval. Four cans were removed at Site 1 and 2
after the .6-week BAS sampling period. Additional cans were placed after the 6-week
period to measure siltation levels after dredging ceased; however, high water prevented

their removal. Upon removal, samples were sieved with a 6.35 mm Tyler screen to

separate cobble from trapped sediments. Sediment samples were sieved to 0.208 mm,

0.104 mm, 0.063 mm, and fines, dried at 100°C for 12 hours and the fractions weighed.
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RESULTS
Suction Dredge Mining

‘Suction dredges operated in the lower 18 km of Canyon Creek. Daéa on dredge
mining were compiled from interviews, dredge site ﬁnspections, and transect measurements
before aﬁd after dredging | in 1982-1985 (Table 2). Dredging occurred in the wetted
perimeter of the stream and a cone shaped hole was aredged. Ten percent of the
dredgers channelized portions of the stream, 15% caused riparian damage, 4% damaged.
bank and 36% impacted suitable spawning - gravels. In 1984, 24 suction dredges operated
i.n Canyon Creek and excavated 30 holes in the streambed, mean depth 1.21 m SD 0.46
(Table 3). The mean. surface area disturbed by a dredge hole and tailinﬁ piles was
. 38.80 m? SD 60.08. In .198;1, dredge mining activities disturbed 1164 m® of streambed.
One year later only 102 m_z (9%) of the disturbed streambed were vi_ssiBle. The ‘bottom‘
.‘contour" of dredge hole 15, a lérge hole which did not completely fill-in one year' later in
1985 is presented in Figure 6. I‘n 1985, 18 suction dredges operated in Canyon Creek and
excavated 22 holes in the streambed, mean.depth 1.49 m SD 0.31 (Tablé 4). The mean
surface area- disturbed by a hole and tailings was 48.88 m? SD 46.63. A total of
1075. m? was disturbed by dredge mining activities in 1985.V One &ear iater only 43 m?

| (4%) of the disturbed streambed were visible.
Channel Morphology and W?tex‘ Quality

In Water Year 1985 (WY 1985), streamflow in Canyon Creek varied from a mean
winter (December 22 to March 21) discharge of 3.28 m3/s to a mean summer (June 22 to
September 23) discharge -of 0.92 m3/s. A hydrograph AamAi flow duration curve’ during WY
1985 for Canyon Creek are presented in Figures 7 and 8. Instantaneous peak discharges

of 23.7, 11.2, 14.7 and 14.3 m5/s were recorded from November 1984 to April 1985. Gage
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Table 2. Suction dredge mining activities in Canyon Creek, Trinity County, California.

Year
Mining '
activities 1980 1982 1983 1984 1985
No. dredges 19 19 7 24 18
Dredge diameter (cm):
6.35 4
7.6 3 -1 3 1
10.2 1 8 5 7 8
12.7 2 1 3 8
15.2 3 6 5
20.3 1
? 10 2 2 2 1
No. dredge
operations 10 10 5 20 14
No. operating plans
filed with USFS? 9 9 11 5 8
Mean d‘redge hole 1.21 1.49
depth (m) {(+ SD) {0.46) {(0.31)
Mean surface grea
disturbed (m®) 38.80 - 48.88
{+ SD) (60.08) (46.83)
Total surface grea o
disturbed (m®) 1164.0 1075.3
Disturbed aréa
visible following 101.6 43
year {m") {8.7%) {4%)
Professional
dredgers 13 7
Dredgers that
Channelized 3 1 3 2
Damaged riparian 4 2 5 2
Sluiced bank . 0 1 0 )|
Undercut bank 3 3 5 5
Impacted suitable
spawning gravels . - 8 7

3plan of operations filed with U.S. Forest Service -
National Forest, California.
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Table 3. Suctien dredge hole paréméters in 1984, Canyon Creek, Trinity County, California.
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County, California. ' o o '

24




Table 4. Suction dredge hole parameters in 1985, Canyon Creek,
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height, wetted perimeter, mean depth, and mean velocity changed with discharge at each
gaging station (Figures 9, 10 and 11). The net x-sectional area changed +0.23, -0.04 and -
0.07 m? at x-section 1, 2 and 3 respectively (Table 5, Figures 12, 13 and 14). Streambed
particle size, embeddedness, gradient, and sinuosity for each cross-section are presented
(Table 5). Estiméted bankfull channel dimensions are presented in Table 6.

Water quality para?neters were measured at four sampling stations in Canyon Creek
and are summarized by station (Tables 7, 8, 9 and 10}. Turbidities rarely exceeded 1
NTU. Suspended sediment load was usually 0 to 1 mg/l. Minimum water temperature

occurred in April and maximum in August 1985, at water sampling station 1 (Figure 15).
Dredge Impacts

The localized dredging impacts on the stream channel, fish habitat and steelhead
fry numbers were measured before and after dredging at two operations in Canyon Creek
in 1985. Water quality and sediment deposition were measured during dredging at both
sites. At upper dredge (site 1) a 12,7 cm aperature -drédge was operated for
approximately 75 hours frmﬂ Juﬁe 25 to August 25; at lower dredge (site 2) a 10.16 cm
aperature dredge was operated for approximately 28 hours from July 25 to September 15
(Figure 3).

| At site 1, transects 4 and 9 m below dredge accumulated enough dredge tailings to

2

reduce the channel's x-sectional areas by 0.77 and 1.29 m®, respectively (Figure 16). At

transects 3 through 6 (16 to 49 m below dredge) only slight changes in x-sectional area
occurred. At the control transect above dredge, the x-sectional area increased 0.41 m2.
Deposited sediment (<2 mm) at 9 m below dredge was 42,366 g/mz/day, deposition
dropped to about 1175 g/mz/day at 16 amd 25 m below dredge (Table 11). Sediment

deposition was 22 g/mz/day above dredge. Geometric mean particle diameter changed

from pre-dredging size along all transects below the dredge. The most significant were
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‘Figure 9. Stream discharge in water year 1985 and stream variables
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Table 5. . Stream channel parameters for Canyon Creek, Trinity County, Céliforn_ii;, 1985.

__Cross_Section

Net change® (mz)

40.23

2 8
Diétanqe from mouth (km) 'Z.OV 8.0 o 220 .
Elevation (m) | 457.0 5640 8960 .
Gradient (%) 05 13 23
Sinuosity 118 125 . 114
Geometric mean particle diameter {mm) i _} 35.0 ‘54.0 | I, 700
Embeddednggs (%) | 200 ._:71.5 o 0
Aggradation? (m%) 0.29 055 0.72 :
Degradation? (m?) 10.52 ‘0.51' ., o 065 B

.0.04 o .0.07

8Brom July-Séptember 1984 to July 1985.

Table 6. Estimated bankfull parameters for Ca

1985.

nyon Creek, Trinity County, California,

Cross section

2 : 3

1
Dischargg (m3/s) 23.8 18.3 o 15.9
Cross-sectional area (mz) 23.5 9.6 | 11.2
Width (m) 27.8 16.1 14.2
Wetted perimeter (m) 29.3 171 ’ 16.5
Mean depth (m) 0.84 0.60 0.76
Mean velocity (m/s) 1.01 1.91 ' 142
Manning's n 0.034 0.043 0.089
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Tabte 7. Water quality parameters at site 1, Canyon Creek, Trinity County,
California.
Suspended Total
Temperature Turbidity Conductivity sediment dissolved
Date (co) (NTU) {umho) (mg/1) solids (mg/1)
02/16/84 3 0.28 T
09/07/84 20 0.23 58
09/10/84 19 0.21 60
09/14/84 17 0.32 88
09/15/84 18 0.29 60
10/05/84 15 1.20 66 4 44
10/14/84 1 0.32 T :
10/19/84 9 0.39 60
11/03/84 8 0.80 T
12/02/84 6 0.52 80
01/06/85 5 0.21 57
02/05/85 3 0.23 68
02/19/85 6 0.32 50
03/19/85 6 0.20 52
04/05/85 9 0.93 T 6 6
04/14/85 9 0.80 25
05/13/85 13 0.56 34 3
05/29/85 11 0.27 29 0
06/08/85 14 1.30 19.5 6 15
06/26/85 18 0.55 T
07/03/85 18 0.48 T
07/19/85 23 0.44 ' 49 0
08/07/85 20 0.48 62 0
08/29/85 19 1.00 91.5 1
09/17/85 18 0.68 52
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Table 8. Water quality parameters at site 2, Canyon Creek, Trinity Cqunty,

California.

Total
Temperature Conductivity dissolved
. Date {cO) (umiho) solids (mg/1)
09/15/82 17
02/19/83 b 2.4 80
03/05/83 8 2.2 70
03/27/83 7 2.3 75
04/02/83 7 3.2 70
04/10/83 7 0.93 65
04/16/83 8 0.65 65
05/07/83 8 0.82 50
05/14/83 9 0.63 50
06/22/83 11 0.92 ST
07/07/83 10 1.5 T
07/22/83 14 0.69 T
08/03/83 15 0.85 T
08/10/83 15 0.95 T
08/20/83 15 0.68 T
09/01/83 12 0.72 T
09/19/83 16 2.6 T
10/04/83 15 0.82 T
10/08/83 14 0.49 T
11/12/83 7 1.3 T
07/19/84 18 0.49 T
07/20/84 19 21.0° T
07/22/84 19 0.52 T
07/27/84 19 0.44 T
09/05/84 19 0.34 55
09/07/84 19 0.46 65
09/10/84 20 0.28 53
09/12/84 18 0.27 65
09/15/84 18 - 0.27 68
10/05/84 14 2.70 79 35
10/14/84 11 0.42 T
10/19/84 9 0.53 57
11/03/84 7 0.59 T
12/02/84 6 0.48 76
01/06/85 5 0,19 70
02/05/85 [ 0.24 50
02/19/85 7 0.23 62
03/19/85 7 0.36 50
04/05/85 8 0.74 34 60
04/14/85 10 0.50 26
05/13/85 12 0.42 33
05/29/85 11 0.97 27
06/08/85 15 1.60 24 47
06/26/85 19 0.61 T
07/03/85 18 0.50 T
07/19/85 22 0.49 47 0
08/07/85 19 0.67 64 0
08/29/85 18 1.00 65 2
09/17/85 18 . 0.68 52

8rivate road maintenance 300 meters upstream from sampling site.




Table 9. Water quality parameters at site 3, Canyon Creek, Trinity County,

California.
Suspended Total
Temperature Turbidity . Conductivity sediment dissolved
Date (Co) {NTU) (umho) (mg/1) solids (mg/1)
02/16/84 ? 0.16 T
08/29/84 19 0.34 ' T
09/05/84 18 0.22 50
09/06/84 17 0.23 50
09/07/84 17 0.19 50
09/10/84 18 0.25 T
09/12/84 16 0.24 51
09/15/84 16 0.29 ’ 57
10/05/84 13 0.15 64
10/14/84 10 0.24 T
10/19/84 9 . 0.18 50
11/03/84 6 0.53 T
12/02/84 6 0.43 75
01/06/85 5 0.27 55
02/05/85 4 0.19 55
02/19/85 [ 0.22 55
03/19/85 8 0.49 T
04/05/85 8 0.71 35 7 0
04/14/85 ¢ 0.48 24
05/13/85 11 0.27 28 0
05/29/85 9 0.34 23 1 )
06/08/85 14 0.50 20 1 0
06/26/85 17 0.39 T
07/03/85 18 0.33 T
07/19/85 22 0.36 26 0
08/07/85 19 0.55 56 0
08/259/85 15 1.10 65 2
09/17/85 1 0.42 T
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Table 10. Water quality parameters at site 4, Cényon Creek, Trinity County,
California. '

. Suspended Total
Tempegature Turbidity Conductivity sediment dissolved
Date (c®) (NTU) {umho) (mg/1) solids (mg/1)
02/19/83 q 0.04 55
03/05/83 5 0.75 T
03/27/83 3 0.22 T
04/02/83 4 0.42 T
- 04/10/83 4 0.40 T
04/16/83 4 .0.22 T
05/07/83 6 0.47 T
05/14/83 7 0.28 T
06/22/83 9 0,14 T
07/07/83 7 0.27 T
07/22/83 8 0.15 T
08/03/83 11 0.13 T
08/10/83 13 0.14 T
08/20/83. 12 0.12 T
09/01/83 9 0.16 T
09/19/83 * 13 0.13 T
10/04/83 13 0.14 T
10/16/83 ] 0.11 T
11/12/83 6 0.19 T
02/16/84 2 0.28 T
09/07/84 “16 0.18 T
09/10/84 17 0.25 T
09/12/84 15 0.13 T
09/15/84 16 < 0.17 T
10/05/84 13 0.16 T
10/14/84 9 0.19 T
10/19/84 8 0.14 T.
11/03/84 6 - 0.42 T
12/02/84 4 0.19 T
01/06/85 4 0.19 T
02/05/85 3 - 0,17 T
02/19/85 4 0.22 T
03/19/85 7 0.21 T .
04/05/85 6 0.53 18 4 35
04/14/85 9 0.42 13
05/13/85 8 0.24 16 0
05/29/85 4 0.25 13 0
06/08/85 12 0.37 12 3 6
06/26/85 14 0.29 T
+07/13/85 16 0.29 T
07/19/85%5 19 0.39 20 0
08/07/85 16 0.44 26 0
08/29/85 14 0.65 T 0
09/17/85 11 0.43 T
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Figure 16, Stream contour change below dredge at lower dredge site, -

Canyon Creek, Trinity Efunty, California.




Table 11. Stream parameters at upper dredge (site 1), Canyon Creek, Trinity"
County, California. 6..»' a/»t/j'w . .

: ’ Transect
Above ' . (below.dredge) -
dredge I 2. 3 K 5 6

Distance fran dredge (m). 708 4 9 16 . 25 >3§ a9
X~§ectional area net change e B . :
(me) +0.41 -0.77 -1.29  -0.08  +0.05  -0.26 " +0.29
Deposited sedinentb‘(g/mzlday) 22 ’ - 42,366 '1154. - .l207 - ," -
Geometric mean particle diameter - ‘ o
(mm) o s

Pre-mining 38.5 66.4 76.2 - . 36.5 45.6 .32L4_ - 47,7

Post-mining 44.1 17.1 27.7  19.1 . 331 26.6 - 43.9
Embeddedness (%) ' :

Pre-mining _ 26 aa 12 21 33 4 31

Post-mining 30 51. 43 51 - 48 0. 46
Suspended sediment (mg/1) 0 244.0 31.5 22,0 14.5 165 1L5
Turbidity (NTU) 0.47  20.50  5.80 4.80 3.75 ° 4.05  3.35
Steelhead young-of-year/30m stream o
length

Pre-mining 95 - - o= 137 - -

Post-mining 72 . - . 94 o

3 12.7 cm suction dredge operated approximately. 75 hours from June 25 tb August 25, 1985,

bThree silt traps per transect were subject to 2.5 hours of dredge éctivity.
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reductions ef 74% an‘d‘6_4% at 4 and 9 m,"respectively, below the dredge. Changes in
particle size "diminished with i,ncreasing distance downstream. Substrate .particle sizev .
increased by 13% above dredge. After dredging, embeddedness of the substrate had
increased along all transects below and above dredge. Increased -embeddedness was.

highest at 4, 9, 16 and 25 m below dredge. During dredgmg, suspended sediment and

turbidity were high immediately below dredge, but dlmlmshed rapldly w1th distance'

" downstream. Suspended sediment varled from 244 mg/1 at 4 m below - dredge to 11.5 mg/1

at 49 m below (Table 11). No suspended sediment was’ measurable in the water column =
ebeve dredge urbxdxty varied from 20.5 NTU. 4 m below the dredge to 34 NTU at
49 m below. Turbadlty measured 0.5 NTU above. dredge Dredge mmmg dxd not effec-t,.-
stream temperature at site 1. The numbers of steelhead youngoof-the-year declmed 31%
below dredge and 24% above from the pre- dredgmg total. .

At 31te 2,, channel xsectwnal area at 4 m below dredge was reduced 1 19 mz by
the accumulatlon of dredge’ taxhngs (Flgure 17), At transects 9 to 49 m below dredge |
and above dredge only slight changes in area occurred Sednnent (<2 mm) deposited..
below the dredge declined from 12 080 g/mz/day 4 m below dredge to 285 g/mz/day_
25 m below. Above dredge, 105 g/m /day o‘f_ sediment were deposited (Table 12), - After
dredging, geometric mean particle diameter was reduced 82%, 42% and 13% at 4 m, 9 m
and 36 m, respectlvely, below dredge | A 1% ichange occurred ebove . dredge‘
Embeddedness of the substrate mcreased from 9% to 14% below dredge and 6% above-
after dredging. Suspended sediment was 47.5 mg/] 4 m below dredge and 4.0 mg/] 49 m
below (Table 12). Suspended sediment abo{re dredge was 0.5 mg/l. Tureidity was 5.6
NTU 4 m below dredge and 2.9 NTU 49 m below. Turbidity was 0.9 NTU above dredge.
Temperature was not influenced by dredging at site 2. The number of steelhead young-of-

the-year declined 14% below dredge and 13% above dredge from pre-dredging numbers.
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Figure 17. Stream contour change below dredge at Tower dredge site,
Canyon Creek, Trinity County, California.
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Table 12. Stream parameters at lower
County, California. '7

:ﬁj (site 2), Canyon Creek, Trinity
5! g/t’ :

Transect
Above (below dredge)
dredge 1 2 3 4 5 . b
Distance from dreﬁge (m) 76 4 9 6 25 36 49
X-sectional area net change (mz) +0.03 -1.19 +0.07 -0.07 +0.17 -0.3_0 -0.28
Deposited sedimentb (g/mz/day) | 105 12,080 621 361 285 - -
,Gedmetric mean particle diameter » »
(mm)
Pre-mining 44,9 34.3 - 30.6 46.0 65.3 53.9° - 60.8
Post-mining 44.3 6.2 17.6 30.1 56.7 46.4 40.1
Embeddedness (%)
| Pre-mining 31 57 54 42 .36 34 26
Post-mining 37 66 66 55 47 a7 40
Suspended sediment (mg/1) 0.5 47.5 14.0 7.5 4.5 6.5 - 4.0
Turbidity (NTU) 0,88 ' 5.60 3.65 2.70 3.45 4,00 2.85
- Steelhead young-of-year/30 m
length stream
Pre-mining 119 ' - - 103 - - -
Post-mining 102 - - % - - -

84 10.16 cm suction dredge operated approximately 28 hours from July 26 to September 15, 1985.

Three silt traps per transect were subject to 2. 5 hours of dredge activity.
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Salmonids

Distribution of anadromous salmonids in the Canyon Creek Basin is restricted by
natural and man-made barriers. Freese (1980) identified a log and boulder barrier that
blocks migration of salmonids 1.5 km upstream of Globe Mill. Most tributaries are either
too steep to allow salmonid passage, or are blocked by culverts where the Canyon Creek
road crosses them. Clear Gulch appears to be the most productive tributary accessable to

salmonids.

Steelhead Food Habits

The diet of age 0, 1, and 2 steclhead were determined from stomach contents.
Diet of all three steelhead age cfasses differed with the stream section sampled. Juvenile
steelhead fed on larger aquatic invertebrates and. fish, while young of year fed on smaller

aquatic invertebrates. Age-0 steelhead fed on Chironomidae, Heptageniidae, and Baetis sp.

at all areas of Canyon Creek (Table 13). Simuliidae were common food items at mid

stream sites, while Helicopsyche sp. and Hydroptila sp. were common food items in lower

stream sites. Terrestrial insects were not a common food item for age-O steelhead. Age- -

1 steelhead fed on Chironomidae and Baetidae at all sites (Table 14). Heptageniidae and
Perlodidae were common food items at upper stream sites, while Simuliidae, Salmonidae,
and Rhyacophila sp. were important food items at mid stream sites. At the lower stream
sites, Perlidae and Glossosomatidae were important food items. Hydropsyche sp. was a
common food item for age-1 fish at lower and mid stream sites, and terrestrial insects
were present in the diet at all sites. Age-2 steelhead had a more diverse diet at the
upper stream than at lower and mid stream sites; however, this may have been a result of

small sample size. Larger aquatic invertebrates such as Orohermes crepusculus, Perlinodes

sp., and Perlidae composed a greater proportion of diet volumetrically and lower

numerically than other food items (Table 15). Age-2 steelhead commonly fed on Baetis sp.
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Tab1e 13. Stomach contents of a
and volume (x0.001 m]§

Trinity County, California.

e-0 steelhead in September 1982, by number
and standard deviation (SD) Canyon Creek,
Lower stream, stations 1 and 2;

mid-stream, stations 4, 5 and 6; upper stream, stations 8 and 9.

Number of stomachs

Lower stream {10)

Mid stream (9)

Upper stream (10)
SD Vol

Food item No SD Vol SD No SD Vol SD No SD
Coleoptera:
Corixidae Sigm sp - 0.1 0.3 0.1 0.3 - - - - - - - -
Elmidae Rhizelmus sp - - - - - - - - 0.2 0.6 0.2 0.6
Diptera: :
Blephariceridae Blepharicera sp 0.1 0.3 0.1 0.3 - - - - - - - -
Chironomidae (larvae) 6.2 5.9 6.8 58 7.7 4.9 8.2 4.5 30.8 24.6 30.8 24.6
Chironomidae (pupae) : 0.8 0.9 0.8 1.5 - - - - 0.7 0.9 0.7 0.9
Empididae Chelifera sp - - - - 1.6 3.6 4.9 92 - - - -
Simuliidae Simulium sp - - - - 19,4 24,9 38.9 49,7 - - - -
Tipulidae Pedicia sp 0.1 0.3 T T - - - - - - - -
Ephemeroptera: T
Baetidae Baetis sp . 2,5 31 7.5 9.2 8.4 10.0 25,3 30.3 6.1 11.7 18.3 36.2
Ephemerellidae Druneila sp - - - - - - - - 0.7 0.9 2.8 1.8
Heptageniidae 0.3 0,5 1.1 2,0 0.8 2,0 32 7.0 0.6 0.8 1.8 2.5
Siphlonuiidae Ameletus sp 0.1 0.3 0.3 0.9 - - - - - - - -
Lepidoptera: .
Pyralidae Crambus sp 0.1 0.3 05 1,6 - - - - - - -
Plecoptera:
Chloroperlidae Sweltza sp - - - - 0.1 0.3, 1.1 33 - - -
Nemouridae Zapada sp 0.1 0.3 0.3 09 0.1 03 03 1.0 - - - -
Perlodidae - - - - 0.1 0.3 0.3 0.8 0.2 0.4 0.2 0.4
Trichoptera: :
Brachycentridae 0.8 2.2 0.8 2,2 - - - - 0.2 0.4 T T
Glossosomatidae Glossosoma sp - - - - 0.1 0.3 04 1.3 -~ - - -
Helicopsychidae HeTicopsyche sp 2.5 4,6 50 2.2 0.1 0.3 02 07 - - . -
Hydropsychidae Hydropsyche sp - - - - . 10 1.4 4.0 57 0.1 0.3 0.4 13
Hydroptilidae Hydroptila sp 2.3 2.6 2,3 2.6 0,2 05 02 05 0.1 03 0.1 0.3
Limnephilidae Ecclisomyia sp - - - - - - - - 0.1 0.3 0.9 2.8
Philopotamidae Dolo hwgodes sp - - - - 0.1 03 1.1 33 - - - -
Polycentropodidae Polycentropus - - - - 0.1 0.3 03 1.0 - - - -
Rhyacophilidae Rhyacophila sp. - - - - 0.2 0.6 2.4 7,3 -~ - - -
Aquatic Insect Total: 15,9 8.8 25,5 13.6 40.3° 36.1 93.6 79.4 39.B 24.5 *55.7 36.3
Terrestrial Insect Total: 0.2 0.6 05 -1.6 - - - - - - - -
Unidentified: 18.9 25.2 21.0 29.6

24.0 21.2
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Table 14. Stomach contents of a
and volume (x0.001 ml
Trinity County, California.

)

e-1 steelhead in September 1982 by number
and standard deviation (SD) Canyon Creek,

Lower stream, stations 1 and 2;

mid-stream stations 4, 5 and 6; upper stream, stations 8 and 9.

food item

Number of stomachs

Lower stream (7)

Hid stream (10)

Upper stream (7

“No

Vol D

No

SO

Vol 5D 0 0

Coleoptera:
Elmidae

Diptera:
Chironomidae tlarvae)
Chironomidae (pupae)
Dixidae Dixa sp
Simuliidae Simulium sp

Ephemeroptera:
Baetidae Baetis sp
Ephemerellidae Drunella sp
Heptogeniidae
Siphlonuridae Ameletus sp

Plecoptera:
Chloroperiidae Sweltza sp
Hemouridae Halenka sp
Peltoperlidae
Perlidae
Perlodidae Perlinodes sp

Trichoptera:
Brachycentridae
Glossosomatidae

Helicopsychidae Helicopsyche sp
Hydropsychidae Hydropsyche sp
Hydroptilidae Hzﬁrogtlia sp

Rhyacophilidae Rhyacophila sp

Aquatic Insect Total:
Terrestrial Insect Totail:

Salmonidae:

Unidentified:
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Table 15. Stomach contents of age-2 steelhead in.September 1982, by number
and volume (x0.001 m1g and standard deviation (SD) Canyon Creek,

Trinity County, California. Lower stream, stations 1 and 2;
mid-stream, stations 4, 5 and 6; upper stream, stations 8 and 9.

ﬂumber‘of stomachs

Lower stream (4) ﬂ]g §;cgem (3) “png s;:gem (1g)
Food item No 0 S 0 ol -.No 0

Coleoptera:

Elmidae ’ _ 0.8 1.5 1.2 3,5 - - - - 0.2 0.4 3.2

Diptera: _ ) -
Chirvonomidae (larvae) ) - - - - 4.3 7.8
Chironomidae (pupae) : - - - - - - - - 6.5 10.1

Simuliidae Simulium sp : L. - 0.1 0.3

Ephemeroptera:
Baetidae Baetis sp
EphemerelTidae Drunella sp
Heptageniidae
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" Megaloptera: ' ' oo
Corydalidae Orohermes sp . - - - - 0.1 0.3 46.0

Plecoptera:
Leuctridae Despaxia sp
Nemouridae Zapada sp
Perlidae
Perlodidae Perlinodes sp-
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Trichoptera:
Glossosomatidae Glossosoma sp
Helicopsychidae Helicopsyche sp

Hydropsychidae Hydropsyche sp
Hydroptilidae H %ro t1ia sp

Limnephilidae Ecclisomyia sp
Rhyacophilidae thacogﬁ1ia sp

Aguatic Insect Total:
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Terrestrial Insect Total:
- 0.3 0.5 - - -
250.0 ' 20.0 34.6 195.5

Salmonidae: -

Unidentified: 2}3.3

171.1
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and Chironomidae, as did younger steelhead. Terrestrial insects composed a larger part of

age-2 steelhead diet than for younger steelhead.

Steelhead Growth and Population Analysis

The length frequencies of steelhead captured in Canyon Creek at all sites in

September 1982-1984 are shown in Figure 18. High water during ‘1983 impaired .

electroshocking efficiency. We assumed that the 1983 length data accurately. reﬂécted

the size composition (and resulting growth parameters) of steelhead sampled that year.

Steelhead from the 1981 year class were longer at age 1 and 2 than fish from other year'

classes (Tables 16 and 17}). The 198" year class of steelhead were shorter and weighed

less than other year classes at age 0 and 1. AgeZ fish of the 1981 year class ‘were

longer and heavier than fish from other year classee (Tables 16 and 18).

The condition factor for steelhead was hlghest for ageO and age-1 fish in 1984
and for age-2 fish in 1983 (Table 19). The length-welght relatlonshlps :for Canyon Creek
steelhead by sample year are presented in Figure 19. The 'curves_weré'detérmihed frorix

preserved fish data. The fish length-scale.radiﬁs relationships for Canyon Creek steelhead

are given in Figure 20. - Correlation coefficients for each regression were significant at

P<0.01.

Population and biomass estimates for ste.elhead captured in Canyon Creek,

September 1982 and 1984, are presented in . Tables 20 and 21. ‘Mean weight was

corrected for preservation. Population and biomasé estimates were not calculated for
September 1983 samples because stations could not be accurately sampled due to high
water. In 1982, biomass of juvenile steelhead ranged from 3 to 105 kg/ha and in 1984,

from 11 to 61 kg/ha.

e



983

H
Q@

n=234

R o
. °

NUMBER OF FISH
?

T e

1984

n=276

36 46 56 66 76 86 95 106 Il6

SN . T
6 |3 I76 186 196 206
FORK LENGTH |

- Figure 18. Length frequency of steelhead coTTected in Canyon Creek,
: Trinity County, California. _

51




Table 16.  Calculated length (mm) of steelhead from Canyon Creek, Trinity County,

California.
Year - Age
Year class Number 1 2
1982 1981 21 . 67
1980 14 58 : 105
Mean 63 105
S.D. 14 13
1983 1982 14 . 57 v
1981 ’ 3 69 123
Mean : 59 123
S.D. 10 11
1984 1983 19 59 |
' 1982 7 ' 64 110
Mean 61 ' 119
S.D. 13 : 14

Table 17. Mean length of preserved and mean length corrected for preservation of
steelhead captured in September at Canyon Creek, Trinity County, California.

Length
Year Age {mm) 1] N
1982 0 56 9 288
1 114 12 71
2 152 16 17
1983 0 57 9 211
1 103 11 20
2 165 18 3
1984 0 ' 60 8 232
1 112 15 35
2 153 19 9
Mean
Preserved 0 58 731
1 112 126
2 153 . 29
Corrected 0 62 731
1 116 126
2 158 29
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Table 18. Mean weight of preserved and mean weight corrected for preservation of
steelhead captured in September at Canyon Creek, Trinity, County, California.

Year Weight
Collected Age (g) : SD N
1982 0 1.9 1.1 288
’ 1 16.1 6.1 71
2 36.2 11.4 17
1983 0 2.4 . 14 211
1 : 13.3 : 4.7 20
2 58.5 18.2 3
1984 0 29 12 232
' i 18.2 7.4 35
2 47.0 18.5 ‘ 9
Meanl
Preserved 0 . 2.4 o o 731
1 16.2 : ‘ 126
2 41.8 - 29
Corrected . 0 2.6 . - 781
‘ | 18.0 « - 126 .
2 43.3 | .29

Table 19.  Condition factor of preserved steelhead captured in September at Canyon
' Creek, Trinity County, California. »

Year . . Condition .
Collected Age factor SD » N
1982 0 1.0198 0.1808 288
1 1.0388 0.1266 71
2 1.0220 0.1157 17
1983 0 | 1.1867 : 0.2292 211
1 : 1.2107 0.2126 20
2 . 1.2786 0.0137 ‘ 3
1984 : 0 1.2679 0.1888 232
1 1.2490 0.1864 , 35
2 1.2482 0.0468 9
Mean | 0 1.1467 731
1 1.1245 126

2 1.1187 29
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Table 20. - Population estimates and coﬁfidence intervals (CI) and biomass estimates for
steelhead captured September 15-17, 1982, in Canyon Creek, Trinity County,
California. Weight corrected for preservation.

Mean
Pop 95% weight Biomass Area Biomass
St. est CI (g) (g) {ha) (kg/ha)
1 27 9 16.2 437 0.0270 16.2
2 16 10 3.8 61 0.0195 3.1
3 70 50 5.8 406 0.0140 29.0 L
4 60 S8 3.9 234 0.0195 12.0
5 a) 17 3 6.4 109 0.0121 9.0
b) 238 459 6.4 1523 0.0158 96.4
6 350 88 8.1 2835 0.0279 101.6
7 103 i4 5.0 515 0.0270 19.1
8 176 22 9.4 1654 0.0205 80.7
9 32 5 17.8 570 0.0167 34,1

Table 21. Population estimates and confidence intervals (CI) and biomass estimates for
steelhead captured September 24 and 25, 1984 in Canyon Creek, Trmlty
County, California. Weight corrected for preservation.

Mean
Pop 95% weight Biomass Area Biomass
gt. Age est CI {g) (g) (ha) {kg/ha)
1 0 46 4 5.1 235 0.0270 8.7
1 12 12 21.9 263 0.0270 9.7
2 - - 49.0 - . 0.0270 -
2 0 65 8 5.0 325 0.0298 10.9
1 . - 17.7 . 0.0298 -
2 - - - - 0.0298 .
»
5 0 199 54 4.6 915 0.0372 24.6
1 3 1 18.4 55 0.0372 1.5
2 1 2 50.6 51 0.0372 1.4 .
8 0 69 8 4.5 311 0.0205 15.1
1 21 1 18.2 382 0.0205 18.6
2 12 1 46.7 560 0.0205 27.3
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' Holding and Spawning

Spring-ruh chinook sélmon and summer-run ,,s,tegglt‘xead enter Canydn Creek during
 May, June, Jul& .and August (Table 22). During mid-.August 1985, 10 summer-run steelhead
and 29 spring:run chinook salmon were observed in Canyon Creek. Five -chinook had
adipose fin clips and one chinook had both an adipose fine clip and a greén spaghetti tag
(CFG tag, Willow Creek- weir, Trinity River). No adult steelhead were marked or tagged.
Estimated total lengths of adult chinook salmon ranged from 50 to 75 .cm and adult
steelhead from 40 to 50 em. Adult salmonids were found in low veloéity pools 3 'ni deep -

and high velocity bedrock chutes 0.5 m deep, 70% of the adult salmonids holding in

Canyon Creek were in pools 1 to 1.5 m deep.

Table 22. Spring and summer-run adult salmomds holding in Canyon Creek, Trlmty
"~ County, California: .

. ‘ Steelhead ‘ Chinook
Year Unmarked Marked? Total - Unmarked Marked? Total
1980° - | 6 29
1981 3 ‘ :
1982° 4 . 4 3 i 3
19830 3 - 3 6 21 27
1985° 10 . 10 24 5 29

aAdipose fin clip.

b}S‘xt'eese, J.L. NMFS, Auke Bay, Alaska, personal communication. Method: underwater
observation. ‘ '

Cpresent study. Method: underwater observation.

dCahfomla Department of Fish and Game, Anadromous Fisheries Branch Arcata. Method:
upstream migrant trap (July-August).
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In 1983-1985, 35 steelhead redds, 21 chinook salmon redds and 1 coho salmon redd
were located in Canyon Creek (Figure 21). Physical parameters of spawning areas and
redds were measured where sites were accessible. Water depth at 21 steelhead redds in
1984 and 1985 averaged 29.6 cm SD 13.3 and water velocity averaged 61.5 cm/s SD 20.8
(Table 23). The average redd area was 2.17 m?.  Substrate at 11 steelhead spawning
areas had an average geometric mean particle diameter of 23.5 mm SD 11.2 and an
average fredle index value of 12.6 SD 10.1.

The spawning areas of fallrun and spring-run chinook salmon were measured
separately. Water depth at 10 fall-run chinook redds averaged 32.9 ¢cm SD 9.4 in 1983-
1985 and water velocity at 9 redds averaged 58.1 cm/s SD 9.4 (Table 24). The average
area of 11 redds was 5.42 m? SD 3.37.  Substrate at the spawning areas of 5 fall-run
chinook redds had an average geometric mean particle diameter of 24.6 mm SD 8.2 and an
average fredle index value of 13.0 SD 6.5. Water depth af 9 spring-run chinook redds in
1985 a;veraged 19.8 cm SD 5.4 and water velocity averaged 40.9 cm/s SD 13.4. The

2 $D 1.91 (Table 25)

average spring-run chinook redd was 4.32 m

The time of spawning and distribution of salmonid redds in Canyon Creek were
consistent during the three spawning seasons. Steelhead redds were distributed in the
lower 18 km of Canyon Creek and in two tributaries, Clear and Ripstein gulches (Figure
21). Superimposition of redds was observed twice at the most heavily utilized steelhead
spawning area 3 km above the mouth of Canyon Creek. Adult steelhead were observed
courting and actively constructing redds from late February through May.

All fall-run chinook salmon spawning occurred in the lower 2 km of Canyon Creek
with the exception of one redd 6 km above the stream's mouth (Figure 21). At the
upstream site, a single fall-run chinook salmon redd was constructed in both the 1984 and
1985 spawning seasons. Fall-run chinook salmon were observed actively constructing redds

from late October through November. Spring-run chinook salmon spawned 8 to 12 km

above the mouth of Canyon Creek (Figure 21). Spring-run chinook salmon redds were
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constructed in mid-October prior to increased streamflows, but coincident with a drop in

water temperature.
The estimated total available spawning gravel in the lower 18 km of Canyon Creek

was 855 m2 (Figure 21). Fall-run chinook that utilized the lower 2 km of stream had

129 mz of available spawning gravel. Spring-run chinook utilized an area that had 342 mz

2

of available spawning gravel. The entire 855 m® of suitable gravel were available to

spawning steelhead.

Table 23. Physical parameters at steelhead redds in Canyon Creek, Trinity County,

California.

Redd Substrate Water
Redd arga Geometric mean Fredle Depth Velocity
Date Nao. (m®) diameter {mm) index {cm) {cm/s)
Feh 26, 1984 1 2.81 20.2 8.8 15.2 44.5
Mar 4, 1984 2 2.86 47.1 37.3 21.3 59.8
" 3 2.61 29.2 17.9 30.5 84.8
" 4 1.47 30.5 13.3 24.4 72.6
Mar 31, 1984 5 3.51 13.1 - 2.1 21.3 61.8
Apr 4, 1984 6 6.83 8.5 2.3 6.1 12.3
" 7 2.60 22.2 9.7 274 69.5
" 8 1.12 - 18.3 71.9
" 9 1.82 14.0 4.3 30.5 40.3
" 10 1.21 12.3 : 4.8 30.5 74.2
Apr 14, 1984 11 1.51 -- - 18.3 45.5
" 12 1.78 25.5 15.7 24.4 79.9
Feb 5, 1985 13 1.47 36.4 22.4 19.8 19.0
Mar 19, 1985 14 3.12 - - 274 95.6
May 16, 1985 15 0.82 - - 64.0 83.1
May 29, 1985 16 1.39 - - 39.6 53.7
" 17 0.42 - -- 27.4 46.6
" 18 1.12 - - 42.9 58.9
" 19 1.86 - - 33.5 83.9
" 20 1.95 - - 57.9 63.2
" 21 3.35 - - 41.1 70.3
Mean 2.17 23.5 12.6 29.6 61.5
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Table 24, Physical parameters at fall-run chinook salmon redds in Canyon Creek, Trinity
: County, California. T

Redd Substrate | Water

Redd -area Geometric mean - Fredle . Depth Velocity
Date - No. (m®) diameter (mm) index (cm) (cm/s)
Nov. 11, 1983 1 4,16 23.3 10.1 - 183 68.7
Oct. 24, 1984 2 9.48 L - 18.3 51.8
" 3 2.16 20.6 8.9 -- : --
" 4 10.04 34.7 21.3 27.4 - 48,4
Nov. 3, 1984 5 1.67 32.2 '19.8 33.5 -
Oct. 31, 1984 6 8.46 - 12.1 _ 4.7 39.6 73.7
Nov. 17, 1984 7 2.97 .- - 45.7 - 70.8
Oct. 27, 1985 8 2.12 - - 36.6 54.3
" 9 1.67 - - 27.4 53.4
" 10 9.62 . -- - 36.6 , 54.0
" 11 725 - - 45.7 482"
Mean 5.24 1 24.6 6.5 32.9 58.1

Table 25. Physical parameters at spring-run chinook salmon redds in Canyon Creek,
Trinity County, Califérnia. ' '

Water
. ~ Redd area Depth : Velocity
Date Redd : (md) " {em)- ' {cm/s)
Oct. 20, 1985 1 5.02 21.3 - 35.1
" 2 2.93 12.2 ' 61.2
" 3 2.12 9.1 61.8
" 4 0.93 24.4 41.3
" 5 5.86 21.3 49.2
" 6 7.43 24.3 27.9
" 7 5.58 18.3 36.9
: 8 4.88 21.3 34.8
" 9 4.09 25.9 . 19.9
Mean 432 19.8 40.9
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Emergence

High winter and spring flows greatly limited the ability to observe timing and
duration of salmonid fry emergence. Due to steep and rough st;‘eam edges and limited
side channels on Canyon Creek, the majority of salmonid fry probably remain under rocks
and crevices during high streamflow. Chinook salmon fry were first observed in late
February and reared in the slow velocity areas along the lower 2 km of the stream until
mid-May. No young chinook salmon were observed or captured in Canyon Creek after
May. Coho salmon young were observed to just below Big Past Fork in Canyon Creek,
juveniles held in various pools for -over 1 year befere entering the Trinity River.
Steelhead fry were first observed in early May in the lower portions of 't‘he stream and in
mid-June in the upper reaches of the study area. Steelhead sac fry continued to emerge

through July in the vicinity of Ripstein Gulch.

Holding, Spawning and Dredging

Anadromous salmonids held and spawned in Canyon Creek in close proximity to

suction dredge activity. During the 1984-1985 spawning season, fall-run. chinook saimon,
coho salmon and steelhead spawned in areas actively dredged durin‘g the 1984 dredge
season {Figure 22). In August 1985, spring-run chinook salmon and summer-run steelhead
were holding near areas where suction dredgeé were being operated (Figure 23).. During
the 1985 spawning season, fall and spring-run chinoqk salmon épawned ih areas actively

dredged during the 1985 dredge season (Figu*re 24).
Invertebrates

Fifty six BAS samplers were recovered out of the 84 deployed due to high water.
Ninety-four taxa were identified from BAS samples (Table 26). The number of taxa found
in a sampler ranged from 8 to 35 (generally 15-25). Common taxa that occurred only in

BEF included: Cinygma sp., Epeorus {Ironopsis) sp., and Visoka cataractae. Analysis of
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Figure 23. Distribution of spring-run chinook salmon and summer-run
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mining activity, Canyon Creek, Trinity County, California.
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‘mining activity, Canyon Creek, Trinity _County, California.
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Perlodidae was to family. Functional feeding ‘groups assigned to the taxa are reported in
Table 26.

BEF
Tﬁe analysis of BEF samplérs revealed different inv_ertebra,te colonization trends
with fih;e above and belox;v mining operation. Mea,n. number of invertebrates per sampler
was not significantly different for site or time (Table 27). An initial population increase
that declined over time was apparent (Figure .25). Mean Shapnon-Weaver ,Divers;ty and
Equitabilit& Indices per BAS sampler increased significantly _(5d.061, E_SU.OOS,
respectively) with time, but were not si;gnificgntly ‘different between sites (Table 27.,

Figure 26).

Annelida colonization in BEF had a signifibant site x time interaction (Table. 27,

Pigure 27). The mean number of Annelids above dredge was not significantly different

with time, but mean number below dredge was significantly higher at 6 weeks than 2
weéks (Table 28).

Mean number of Diptera per BAS sampler significantl& (P<0.007) decreased with
time and was significantly higher (P<0.045) below dredge than above (Table 27, Figure 27).
Diptera taxa colonization generally followed the ordinal response (Table 29). Mean n;unbér
of Chironomidae and Eukiefferiella sp. decreased sighificantly (250.006, '250.026,
respectively) with time, and Chironomidae indicated a trend (1’_5(}.065) of higher numbers
_below dredge (Tables 29 and 30). A significant (P<0.006) site x time interaction indicated
differential colonization by Corynoneura sp. at both abbve and below dredge (Table 28).

The mean number of .Ephemeroptera per BAS sampler was not different by site or
time (Table 27, Figure 27). Colonization ‘of samplers varied widely among Ephemeropteran
taxa (Table 29). InteractionA effects (P<0.070, P<0.018) were indicated for mean number of
- Ephemerellidae and Rhithrogena sp. (Table 29) but ANOVA did not show significant
responses for these groups (Table 28). Mean number of Cinygmula sp. per BAS sampler

was significantly (P<0.024) higher above dredge than below dredge (Tébles 29 and 31).
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Mean number Epeorus sp. per sampler significantly (P<0.018) increased with time. Other
Ephemeropteran taxa means tested were not significantly different for site and time.

The mean number of Plecoptera per BAS sampler was significantly (P<0.023)
different with time, but not for site (Table 27, Figure 28). Plecoptera colonization in
samplers varied widely by taxa (Table 29). Mean number Visoka sp. was siénificantly
higher (P<0.002) above dredge {(Table 32). Zapada sp. decreased significantly (P<0.037)
with time and indicated a trend (P<0.059) of higher mean number above dredge. Mean
number. Calineuria c¢alifornica was éignificantly (P<0.003) higher below dredge. Mean
number of Perlodidae significantly (P<0.801) decreased with time, and were higher above

dredge (P<0.084) (Table 32). An interaction effect for mean number Periodidae was not

significa'nt {Table 28).

Table 27. Analysis of Variance of BAS samplers for Big East Fork Creeck.

Level of Significarnceél

Variable Site Time Site x Time
Number _ NS NS NS
Shannon-Weaver NS 6.001 NS
Equitability NS 0.005 NS
Annelida 0.001 0.006 0.066
Diptera 0.045 0.007 NS
Ephemeroptera NS NS NS
Plecoptera NS 0.023 -+ NS
Trichoptera NS NS NS
% Predators NS 0.070 NS
% Shredders 0.001 NS NS
% Grazers 0.044 0.028 ' NS
% Gatherers 0.004 NS NS
% Filterers 0.001 NS 0.030

aSignificamoz:e levels >0.07 are indicated by NS.
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Table 28. Interaction tests for sémple site by time for Big East Fork Creek.

Onua-v«rayb
Variable Site? Anova Tukey® Scheffe®
Annelida Above NS NS NS
Below 0.024 6wk > 2wk 6wk > 2wk
Corynoneura sp. Above 0.002 4wk>2, 6wk 4>6, 4>2wk
Beolow 0.031 2wk > 6wk 2wk > Bwk
Evhemerellidae Above NS NS NS
Below NS NS NS
Rhithrogena sp. Above NS NS NS
Below NS NS NS
Perlodidaz Above NS NS NS
Below NS NS - N8
% Filterers Above NS NS NS
Below 0.040 2wk > 6wk 2wk > 6wk

qAbove dredge, site 1; below dredge, site 2.
bSignificance level >0.05 are indicated by NS.

CTukey and Scheffe nonorthogonae contrasts.

The mean number of Trichoptera per BAS sampler was not significantly different
by site or time (Table 27, Figure 28). Colonization bf samplers by Trichopteran taxa
showed no significant responses to dredging (Table 29). Mean number Hydropsychidae per
BAS sampler decreased (P<0.056) with time (Table 33). Significant (P<0.001) differences in
mean number of Ecclisomyia sp. per sampler occurred with time, peaking at week 4.

Functional feeding group percent composition summarized trophic respénses to
dredging in BEF. An increasing trend for predators with time was suggested (P<0.070)
(Table 27, Figure 29). Mean percent shredders was significantly (P<0.001) higher above
dredge.  The grazer component significantly (P<0.028) increased with time, and was

significantly (P<0.044) greater above dredge (Figure 30). The gatherers component was
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significantly higher (P<0.004) below dredge. A significant (P<0.030) site x time interaction
for mean :pevcént filterers per sampler”sugges'té;d differential ‘colé;iization (Figure 30).
Mean percent filterers per sampler above dredge was not significantly different with time,

however, filterers decreased (P<0.040) with time below dredge (Table 28, Figure 30).

Table 29. Analysis of variance by taxa for Big East Fork Creek.-

Level of Significance®

Variable Site Time Site x Time
Elmidae . . NS NS ' NS
Chironomidae 0.065 o 0.006 NS
Corynoneura sp. . 0.009 _ 0.003 0.006
Bukiefferiella sp. NS - 0.026 . NS
Baetis sp. NS NS NS
Ephemerellidae NS : NS ‘ 0.070
Drunella sp. : : NS NS NS
Serratella sp. NS NS NS
Heptageniidae NS "NS ' NS
Cinygmula sp. 0.024 NS NS.
Epeorus sp. NS NS NS -
Rhithrogena sp. 0.094 S NS 0.018
Paraleptophlebia sp. NS NS NS
‘Ameletus sp. NS NS : : NS
Mesocapnia sp. NS NS . NS
Nemouridae NS NS ' NS
Visoka cataractae v 0.002 NS NS
Zapada sp. 0.059 0.037 . NS
Calineuria californica 0.003 NS NS -
Perlodidae 0.084 0.001 0.079
Hydropsychidae NS : 0.056 NS
Lepidostoma sp. NS NS : NS
Ecclisomyia sp. NS 0.001 NS
Rhyacophila sp. -~ NS NS NS

aSignificance levels >0.1 are indicated by NS.
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Table 30. Mean number and standard error of the mean in parenthesis for diptera
taxonomic groups with significantly different means in ANOVA tests. = Mean

of 7 samplers.

‘Taxonomic Group

Site Chironomidae Corynoneura sp. " Eukiefferiella sp.

Big East Fork above drgdge

(1) . '
Week two 46.53 8.75 : 1 21.39

{0.55) {(0.45) - (0.77)
Week four 84.11 29.06 ‘ 39.46
{6.34) (0.29) - {0.43)
Week six 34.81 4.09 . 18.23

0.14) {0.25) {0.28)

Big East Fork below dredge
2) ‘

Week two 127.82 50.17 33.67
(0.23) (0.30) : {0.26)
Week four 87.72 17.49 ‘ 38.08
(0.12) {0.50) (0.17)
Week six 40.59 12.46 11.94
(0.21) : {0.40) ' (0.27)

Canyon Creek above BEF
(3) ‘ _
Week four 30.84 2.93 14.31
{0.46) {0.46) {0.47)

Canyon Creek below BEF
(4)
Week four 50.76 5.00 24.88
(0.61) (0.55) {0.63)
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‘Mean number and standard error of the -mean in parenthesis for

Table 31.
Ephemeropteran taxonomic groups with significant differences in ANOVA
tests. ~Ephem, Ephemerellidae; Serr, Serratella species combined; Cinygm,
Cinygmula sp.; Epeor, Epeorus species combined; Rhith, Rhlthrogena sp.; Amel,
Ameletus sp. Mean of 7' samplers ,
~ Taxonomic group
Site Ephem - Serr Cinygm Epeor  Rhith Amel

Big East Fork above dredge

(1)

Week two
Week Four
Week six

Big East For
2)
Week two

Week four

Week six

1.15 0.77 0.35 0.22 2.22 0.29
- (0.38) (0.33) (0.15) (0.14) - (0.47) (0.19)
2.1 1.03 0.17. 0.22 324 069
{0.13) - {0.23) (0.17) 0.14 (055 . . (0.31)
3.73 3.02 1.67 3.82 2.72 1.64
(0.37) (0.36) (0.23) (0.57) (6.73) (0.43)

k below dredge

1.24 0.64 0.53 0.51 4.64 0.10

10.29) (0.22) . (0.26) (0.22) (0.67) {0.10)
2.70 2.27 0.17 0.10 2.21 1.07
(0.49) - {0.53) (0.17) {0.10) (0.64) (0.26)
3.98 2.95 0.79 0.00 2.56 2.14
(0.54) (0.61) (0.32) ~ (0.00) 077 - (0.41)

Canyon Creek above BEF

(3)
Week four

20.38 19.18 2.30 137 134 .67
(0.32) (0.32) (0.46) (0.41) - (0.43) . {0.21)

Canyon Creek below BEF

(4) |
Week four

9.21 8.44 1.00 1.54 5.52 067
(0.69) (0.73) (0.41) ©57  (0.89) (0.28)
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~su-Pable 32, "Mean number . and* standard error ‘of “the’ mean “in—parenthesis of Plecoptera

‘taxonomic groups with' significant ‘differences in ANOVA tests. Nemour,
Nemouridae; Visoka, - Visoka cataractae; Zapada, Zapada 'species combined;
Calineu, Calineuria californica, Perlodid, Perlodidae. :Mean of 7 samplers.

Taxonomic group

Site Nemour - Visoka Zapada . Calineu Perlodid

Big East Fork above dredge
(1)

Week two 12.09 0.22 9.35 - 0.37 10.93
(0.79) (0.22) (0.89) 0.22) (0.43)

Week four 1970 1.86 13.66 4.32 1.54

| (0.47) (0.34) (0.67) 0.25) (0.35)

' Week six 576 219 2.61 . 3.56 0.51
(0.24) (0.38) (0.36) (0.19) (0.32)

Big East Fork below dredge
(2)

“Week two 667 - 022 414 272 0.49
(0.43) {0.14)__ (0.55)_ (0.32) ....._.._.{0.35)
Week four o 3.22 0.43 : 0.98 4.32 0.22
(0.34) (0.19) {0.52) {0.16) - {0.14)
Week six 1.30 0.49 0.58 ' 3.67 . 0.29
{0.39) (0.23) (0.35) (0.29) {0.29)
Canyon Creek above BEF
(3} :
Week four . 3.03 » 0.00 2.98 2.25 1.64
{0.36) {0.00) (6.35) {0.29) (0.24)
Canyon Creek below BEF
(4) v :
Week four 5.05 : 0.00 4.04 4,35 1.84

(0.61) - (0.00) {0.65) {0.35) (0.29)

83




Table 33. Mean number and standard error of the mean in parenthesis for Trichoptera
taxonomic groups with significantly different means in ANOVA tests. Mean
of 7 samplers.

Taxonomic group

Site Hydropsychidae Ecclisomyia sp.

Big East Fork above dredge
(1) :

Week two -0.94 0.10
{0.56) {0.10)
Week four 0.49 0.22
' {0.29) {0.14)
Week six . 0.17 0.10
(0.17) {0.10)

Big East Fork below dredge
(2)

Week two 6.01 ‘ 0.22
{1.06) {0.22)
Week four 0.72 1.06
{0.55) {0.48)
Week six 0.57 - 0.29
{0.42) (0.19)
Canyon Creek above BEF
(3)
‘Week four 0.75 0.84
{0.33) (0.39)

Canyon Creek below BEF
{4)
Week four 447 1.63
(1.02) {(0.39)
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Caﬁyon- ‘Creek --'BEF ™

The results of BAS sample data indicated that dredge impacts on ~benthic
invertebrate populations in Canyon Creeky were minimal during 1983. Mean total number
of invertebrates per sampler was not significantly different between creeks (BEF versus
Canyon éréek, sites on each creek pooled) dr sitc.a‘s; {(above versus below dredge, .both
creeks pooled) for ‘thé four week colonization period (Table 34, Figure 25). No significant
differences were found fof Shannon-Weaver diversity and Equitability indices.

The mean number of An;lelids per BAS sampler was not significantly different
‘between creeks, but was significantly higher (250.011) in below dredge s'amp’lérs for both
Canyon Creek and BEF (Table 34, Figure 27)

The mean number of Diptera per BAS sample was significantly greater “(ij:OSZ) for
BEF samplers (Table 34, Figure 27). Diptera taxa followed the ordinal pattern of
taxonomi‘c‘resolution (Tables 30 and 35).

Table 34.  Analysis of variance of BAS samplers from Big East Fork and Canyén Creek
for the four week colonization period.

Level of Significance®

Variable Creek Site Creek x Site
Number NS NS NS
Shannon-Weaver NS NS NS
Equitability . 0.077 NS . NS
Annelida : 0.075 0.012 NS
Diptera 0.032 NS NS
Ephemeroptera 0.043 NS NS
Plecoptera NS NS NS
Trichoptera 0.053 NS NS
% Predators NS NS NS
% Shredders 0.058 NS 0.001
% Grazers , 0.008 . - NS NS
% Gatherers NS NS ‘NS
% PFilterers 0.004 : NS 0.021

aSignificance levels >0.08 are indicated by NS.
/
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Table 35.  Analysis of variance of BAS samplers from Big East Fork and Canyon Creek
by taxa for the four week colonization period.

Level of Significance?

Variable Creek Site Creek x Site
Elmidae o NS NS NS
Chironomidae 0.035 NS NS
Corynoneura sp. 0.001 NS NS
Eukiefferiella sp. 0.071 NS NS
Baetis sp. NS NS NS
Ephemerellidae NS NS NS
Drunella sp. NS NS NS
Serratella sp. NS NS NS
Heptageniidae NS NS NS
Cinygmula sp. NS NS NS
Bopeorus sp. 0.016 NS NS
Rhithrogena sp. 0.042 NS NS
Paraleptophlebia sp. NS NS NS
Ameletus sp. 0.001 NS NS
Mesocapnia sp. NS NS NS
Nemouridae N8 0.003 , NS
Viscka cataractae N§ NS NS
Zapada sp. 0.001 NS 0.075
Calineuria californica NS 0.010 NS
Perlodidae NS NS _ NS
Hydropsychidae 0.081 NS NS
Lepidostoma sp. NS NS NS
Ecclisomyia sp. - 0.012 NS NS
Rbyacophila sp. NS NS NS

Significance levels 20.1 are indicated by NS.
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The mean number of Ephemero;;tefans was significantly highérﬂ (EjO.O43)Iin Canyon
Creek than in BEF with no significant difference relative to dredging (Table 34, 1-;‘iglure
27). Abundance of Ephemeropteran taxa varied with creek and’site (Table 35). Epeorus
sp., Rhi£hrdgena sp., and Ameletus sp. ‘mean number per sampler were "significantiv
- different for Canyon ‘Creek (P<0.016, P<0.043, P<0.001, respectively) with no difference
attributable to dredging. Other Ephemeropteran taxa means tested were not different for
‘creek and site.

The mean number of Plecoptera per BAS sampler was not significantly different

between creeks or sites {Table 34, Figure 28). Some plecopteran taxa varied significantly

by creek and site {Tables 32 and 35). Mean number of Nenoﬁridae per sampler was

significantly higher {P<0.003) above dredge in BEF. Mean number of Zapada sp. was
higher above dredge in BEF samplers and lower in above drédge samplers in ‘Canyon

Creek. Mean number of Calineuria californica per sampler was higher (P<0.10) below

dredge in both Canyon Creek and BEF. Other Plecoﬁteran taxa means tested for creek
by site were not significantly different. |

The mean ﬁumber of Tfichopteré per sampler in Canyon Creek was significantly
higher (P<0.053) than in .BEF, but there was no significant differénce by site in either
creek (Table 34, Figure 28). ' Ecclisomyia sp.. were significantly more abundant (3250.01.2) in
Canyon Creek; b

The mean percentage of predators was not significantly different for creek or site
(Figure 29). & significant (P<0.001) interaction for shredders indicated a higher
percentage composition of this trophic: groﬁp in BEF above dredge samplers, and ‘a lower

composition in Canyon Creek above dredge samplers, than for samplers below dredge in

both creeks (Table 34). Mean percentage grazers was significantly higher (P<0.008) in .

Canyon Creek BAS samplers (Table 34, Figure 30). Mean percentage gatherers was not

significantly different between creeks or sites. A significant (P<0.021) interaction
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indicated mean percentage filterers was higher above dredge in both creeks than bélow_ '

(Figure 30).

Sediment and Organic Material

Sediment content in BAS samplers was highly variable (Figure 31). Mean sediment

content was significantly (P<0.048) higher in sam'plers below dredge in BEF than above,
with no significant difference in time. A significant (P<O. 025) interaction’ (creek by slte)

indicated sediment levels were relatxveLv higher in samplers in Canyon Creek belew BEF

than in BEF below dredge when compared to samplers above 'dredge‘ at both sites . No

significant dlfferences in organic matter with time for BEF samplers were observed - B
organic matter was significantly higher in samples below dredge (P<0 001) than above
Mean organic matter content (Flgure 31) was mgmfzcantly (P<0 003) hlgher in BEF;

samplers than in Canyon Creek samplers, and in below dredge samplers (E_'{0.00Z)- for both o B

creeks.

Environmental Variables

Independent habitat variables of depth velomty, orgamc matter, and sediment were

not hlghly correlated and were used to. analyze specd’lc taxa (Table 36). Emnronmental »l S
variables accounted for 17 to 65% of the variation ‘o.bserved for spec;flc, taxa (Table 3,7)., .

All regression models were significant excépt.for Ameletus. The significance levéls ,aﬁd' .

multiple regression coefficients are reported in Table 38.

Table 36. BAS sampler independen't variable correlation matrix.

Depth Velocity " Organic matter ‘Sediment
Depth 1.000 . | - .
Velocity 0.0421 1.000 - -
Organic matter 0.0424 0.1154 1.000 -
Sediment -0.1951 0.1381 0.4739 1.000
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Table 37. Overall significance of multiple regression equations for major taxa collected
in BAS samplers in relation to water depth, velocity, organic matter, and

sediment. -

Variable Transform? Multiple R Multiple R2 "~ Sig.
Annelida 2 0.804 0.647 0.001
Corynoneura sp. 1 0.537 0.289 0.001
Bukiefferiella sp. 1 0.647 0.419 0.001
Baetis sp. 1 0.720 0.518 0.001
Serratella sp. 1 0.410 0.168. 0.048
Cinygmula sp. i 0.492 0.242 0.006
Epeorus sp. 1 0.413 0.170 0.046
Rhithrogena sp. 1 0.650 0.422 0.001
Paraleptophlebia sp. 1 0.448 © 0.200 0.020
Ameletus sp. All - - NS
Megsocapnia sp. None 0.481 0.231 0.008
Zapada sp. 1 0.584 0.341 0.001
Calineuria Californica i 0.471 0.222 0.011
Perlodidae 1 0.471 0.222 0.011
Hydropsychidae 1 0.613 0.375 0.001
Lepidostoma sp. 1 0.473 - 0.224 0.011
Rhyacophila sp. 1 0.482 0.232 0.008

*Transformation 1. = logly+1), 2. = sq. rt. (y+1).
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Table 38. Multiple regression coefficients and significance levels. Vel, Velocity;
Orgmat, Organic Matter; Sed, Sediment. T T -
Habitat variables and significance®
Variable Depth Sig Vel Sig - Orgmat Sig Sed Sig
Annelida 0.17 0.05 -0.60 NS 0.45 0.01 0.50 0.01
Corynioneura sp. 0.04 NS . 0.54 0.01 -0.01 NS -0.11 NS
Eukiefferiella -0.01 NS 0.63 0.01 0.i4 NS -0.12 NS
Baetis sp. -0.11 NS 0.66 0.01 -0.29 0.01 0.23 0.06
S_ex_-rafcella sp. -0.05 NS 0.18 NS -0.40 0.01 0.03 NS
Cinygmula sp. 0.14 NS 0.27 0.03 -0.45 0.01 0.35 .0.02
Epeorus sp. 0.14 NS - 0.26 0.05 -0.36 0.02 0.10 NS
Rhithrogena sp. 08.07 NS .0.54 0.01 . --0.38 0.01. 0.33 0.01
Paralepthophlebia -0.01 NS -0.13 NS 0.33 0.03 0.18 NS
Ameletus sp. . - NS -- N8 -- NS -- NS
Mesocapnia sp. -0.10 NS 0.09 NS -0.07 NS 0.46 0.01
Zapada sp. -0.19 NS 0.54 0.01 .<0.10 NS -0.23 0.0%
Calineuria »
californica 0.42 0.01 0.14 NS -0.18 NS 0.30 0.04°

Perlodidae -0.18 NS 0.36 0.01 -0.29 0.05 0.13 NS
Hydropsychidae 0.02 NS 0.57 0.01 -0.26 0.04 0.16 NS
Lepidostoma sp. 0.039 NS -0.08 NS 0.50 0.01 -0,.13 NS

" Rhyacophila sp. 0.04 NS 0.42 0.01 -0.11 NS 0.23 NS

aSigm’ficance levels 5(5.05 are indicated by NS.
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Kick and Drift Samples

Most taxa found in kick samples were also collected in BAS samplers (Table 26).
Taxa present in drift and kick samples, but not in BAS samplers were Stenelmis sp. and
Carabidae. Taxa found only in kick samples included: Glutops sp., Tabanidae (genera

unseparable), Hexatoma sp., Orohermes crepusculus, Megarcys sp., Perlinodes aurea,

Perlodidae (undescribed genera), and Tinodes sp. Geometiric mean Shannon-Weaver indices
calculated for BAS samplers (Figure 26) were lower than arithmatic mean indices derived
for kick samples (Table 39). Means for untransformed Shannon-Weaver indices for 6-week
colonization periods were similar to kick samples (3.58 and 3.60 for BEF above and below
dredge, respectively). Equitability Indices were more variable (Table 31). Percentage
composition of grazers in kick samples was similar to their composition in BAS samplers,
while percentage gatherers were lower in kick samples than in BAS samplers (Table 39
and Figure 28). Composition of filterers and shredders in kick samples was highly variable
and indicated ne clear trends (Table 39). Percentage composition of predators was
consistently higher in all kick samples than in BAS samplers {Figure 30).

All invertebrate taxa captured in drift samples were common to kick and BAS
samples (Table 26). Density of drift organisms was highest at 2200 hours. The most

common taxa in drift samples consisted of: Chironomini, Eukiefferiella sp., Baetis sp., and

Zapada Columbiana. Drift periodicity of functional feeding groups is presented in Figure

22.  Gatherers were the most abundant functional group in drift samples, and were
markedly higher in number below dredge in BEF. Gatherers were slightly more numerous

above dredge than below in Canyon Creek.
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Table 39. Kick sample analysis for diversity indices and percentage functional group
composition. E, Equitability Index; H', Shannon-Weaver Diversity Index; Pred,
Predators; Shred, Shredders; Graz, Grazers; Gath, Gatherers; Fil, Filterers.

Percent
Site ' E g Pred Shred Graz Gath . Fil
Big East Fork above dredge
(1)
Week two 0.67 2.86 25 . 8 3 64 0
‘Week four 0.89 3.54 44 16 0 39 2
Week six 0.68 3.55 23 13 6 57 2
Big East Fork below dredge
(2) : 4
Week two 0.80 3.11 26 , 0 2 57 15
Week four 0.68 3.43 23 29 1 . 45 2
Week six 0.78 3.83 13 18 2 62 T
Canyon Creek above BEF
(3)
Week four 0.74 4,16 19 ‘ 11 4 63 3
Canyon Creek below BEF
(4) . . :
Week four -1.00 3.01 45 0 0 52 3

Water Quality
Ca‘ny()n' Creek discharge ranged from 4.06 m3/s to 0.84 ms/s and BEF discharge

~

0.22 m3/2 to 0.08 rng/é during the invertebrate study. Conductivity, temperéture, and
turbidity varied with sampling site and time (Figure 33). /Conductivity was consis'tently
higher in BEF. Tl;rbidity was higher just below dredge than at all other sites, and during
dredging exceeded 15 NTU. Diel temperéture varied 2°C and 0.6°C in BEF énd Canyon
Creek, respectively. The following significant‘ (P<0.05) regressions were determined for
turbidity, settleable solids, and flow: |

T = 0.2042 + 0.0021 Q

S-CC = 0.3611 + 1.4043 T-CC

S-BEF = -6.6524 + 26.5708 T-BEF
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Where: BEF = Big East Fork, CC = Canyon Creek, Q = streamflow (¢ ft3/s), S =
settleable solids (mg/l), and T = turbidity (NTU). The settleable solids equations are for
time and site combined. There was no significant relation between suspended solids and
fiow.

~ Increased sedimentation, measured with sediment traps, due to suction dredge
mining appeared localized to BEF (Figure 34). Extrapolation of sedimentation rates from
sediment trap data gave the following results: BEF above dredge site 1, 29 g/mz/day;
BEF above dredge site 2, 23 g/mz/day; BEF 40 m below dredge, 1711 g/mz/day; BEF
113 m below dredge, 698 g/mz/day. Composite size fractions of dredge mining sediment
sampled with traps indicated particle sorting as a function of downstream distance (Figure

35).
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DISCUSSiON
Suction Dredge Mining -

The maijority of suction dredge operatofs in Canyon Creek did not work long
periods or disturb large areas of the streambed. Dredging impacts upon the channel

éeomqrphology were confined to the area dredged and the area immediately downstream.

' However, since a number of suction dredges operated during the 1984-1985 _saasbns, a-

total of over 1600 m? of streambed was disturbed each year., Water quality Waé .f!ﬁpaéted
only during.the actual operation of a suction dredge. Since a full day of mining by most
Canyon Creek operators included only 2 to 4 hours of dredge running time, water quali"_c&
was impacted for a sho‘rt time.  Dredges operating within 0.5 .km of another did
infrequer;tiy result in cumulativé impa’cts’upon water quality. Cumﬁlative impa’ct‘s of Zl‘or ‘
3 dredges in t‘:he‘samé reach of stream did ﬂot c¢ompound geomorphiq ‘impacts upén' thé
channel bottom, but may have contributed to heightened channel insta!_)ilityzlif .'str‘ealg.baxik
areas were undercut, sluiced or altered. o |
Winter .and spring flush{ng flows filled. in dredge holes and dispersed t‘aili'ng>p>i.les..‘-»
Only the ‘th'ree largest dredge operations from 1984 had any substantial remains'visiblg in
1985. The largest remmnant of .the 1984 season was located in a side channel of Cémyon
Creek. Its distance from the thalweg permitted the mining disturbance to persist .through-
the 1985 water year. The dredge operation with the second largest remains was the
deepest hole excavated on the stream. The depéh of this hole and the large area

encompassed by it allowed traces of dredging activity to ‘endure the winter and spring

flushing flows. At the third site, large cobbles and gravels were piled élong the stream's

edge and these rocks remained along the bank after high flows.

During the study some dredgers undercut banks, channelized the stream, and
damaged the riparian. Although not all of these cases would have warranted am
infraction, these dredgers did not abide with current dredging codes (Fish and Game Code,
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Sec. 1603, 1982). In Sierra foothill streams, McCleneghan and Johnson (1983) observed a

much smaller percentage of suction dredge miners adversely impacting the stream and its

resources. Adverse operational impacts were probably more extensive in Canyon Creek
due to its relatively small size and miners working the edges of the channel. Dredging
the stream bank frequently resulted in channelizing the stream to maintain adequate water
flow in the working area, bank undercutting, and removing streamside vegetation to access
the area. The damage lo the streambank destablized the ch_annei and accelerated bank
erosion, .

Dredge tailings are ofien referred to as good salmonid spawning substrate. In the
Trinity River, chinook salmon have been observed spawning in the tailing piles of suction
dredges (E. Miller pers. comm.). Steelhead in Idaho streams have been reported to spawn
in gravels recently disturbed by human activities (Orcutt et al. 1968). In the American
River, Prokopovich and Nitzberg {1982) have shown salmon spawning gravels have mostly
originated from old placer mining operations. In Canyon Creek, gravel dredge tailings
dispersed by high streamflows certainly make-up a component of the suitable spawning
substrate, however, no salmonid redds were ever found exclusively in a dredge tailing pile.
In general, tailing piles were judged as undesirable spawning areas. Deposited during low
summer flow, dredge tailings are very unstable features.‘ Since tailing materials are
sitting on top of the streambed, slight increases in stream volume and velocity are
capable of mobilizing these gravels. Salmonid redds constructed in loose gravel are
susceptible to scour and often result in direct loss of spawn (Gangmark and Bakkala
1960). The longitudinal bottom.profile at dredge hole 15 demonstrated the erodability of
tailing piles during a normal water year.,

The complete lack of fines and well-sorted nature of tailing piles also contribute to
the undesirability of these areas for salmonid spawning. Platts et al. (1983) found that
spring and summer chinook in the Salmor} River drainage of Idaho did not select channel

substrates complete devoid of fine sediment. The "weathering” of gravel, required for
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accéptance by salmonid spawners (Reeves and Roelofs 1982), ‘may be - important for

substtate ‘tability and“embryo ‘survival ‘(Platts et -al. 1983).

The monitoring of localized impacts upon channel geomorphology provided :some

“insights to the effects of suction dredge mining" upon salmonid rearing habitat. The

accumulation of tailings on the streanbed ‘immediately *below the dredges reduced the
channel's x-sectional area and living space for fish. In Knapp Creek, Idaho, Bjornn et al.
(1977) demonstrated that the loss of pool volume from sédiment addition resulted in a
propottional decrease in fish numbers. However, during the suction dredge mininé process,
a new pool area is created by the cone-shaped dredge hole. Dace, suckers and -juvenile
steélhead were observed feeding and resting in Canyon Creek dredge holes. Freese (1980)
observed a smgll_ spring-run chljnook salmon holding in a dredge-created pool on GCanyon

L B

Creek.

Since many in-stream areas of Canyon Creek lack aquatic vegetation, large organic
debris, and riparian cover, the streambed substrate is extremely important for rearing

salmonid cover. Newly emerged salmonids ten_d to hide beneath bottom substrate {(Hartman

1965). Bbulders and other large rocks in the substrate credte "focal points" for juvenile

salmonids from which they retain territory and‘ venture to feed (Wickhém 1967). The
relative importance of cover is illustrated by experiments by Boussu (1954) and Elser
{1968) "in j‘Which salmonid abundance declined when cover was reduced. High quantities of
deposited sediment 10 to 16 m below dredges in Canyon Creek markedly decreased the
amount of instream cover. Fine sediment filled gravel interstices and stream bottom
roughness declined in below dredge areas. Reduced substrate.partiéle sizes and increased
levels of embeddedness also reflect the diminished quality of salmonid rearing habitat due
to instream cover lossés. Harvey et al. {1982) found sculpin densities reduced up to 50
percent below suction dredges due to increased cobble and boulder embeddedness.
Suspended sediment can adversely effect. salmonids by abrading and clogging Agills,

z‘éduce feeding, and cause avoidance of turbid areas {Cordone and Kelley 1961). In
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Canyon Creek, suspended sediment and turbidity levels were higher than ambient levels
immediately below suction dredges, but did not approach levels that would damage gill
surfaces. Suspended sediment and turbidity levels declined very rapidly downstream of

mining, so fish could avoid the most silt-laden waters. As stated previously, diminished

water quality only occurred when a dredge was operated.
Channel Morphology and Water Quality

The annual variation of streamflow in Canyon Creek works to the advantage of the
suction dredge miner. Low summer flows create ideal conditions for dredge mining by
providing relatively easy access to placer deposits in the stream channel and enough
water to float and operate a dredge. High winter flows transport material and fills-in
dredge holes, disperse tailing piles and redistributes gold deposits.

Variation in the quality of anadromous salmonid spawning and rearing habitat in the

study area was reflected by the different channel configurations and flow characteristics ;

at each cross-section. The low gradient, wide channel and medium-size gravels of the

stream reach at the lower x-section provided good salmonid spawning habitat; however, -

sparse overhead cover, unstable banks, and the lack of pools offered poor rearing habitat.
The modérate gradient, large gravels, good overhead cover, and well-defined channel at
the mid-stream x-section provided the best salmonid rearing habitat in the study area.
Runs, riffles, and shallow pools at meanders offered a good diversity of in-stream habitat
for rearing and spawning. The high gradient, boulder strewn channel at the upper stream
x-section offered limited rearing and spawning habitat for salmonids. Some shallow pools
occur between rapid runs and riffles; but, in general, velocities were high for fry and
juveniles. = With the exception of a few gravel pockets behind large boulders, the steep
gradient and high velocity waters have removed small streambed materials. Some

steelhead did spawn in the larger gravel pockets, but little spawning habitat was available.
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The large substrate and fast water also present difficu]t working conditions for suction

dredge operations in the upper stream study area.

Channel degradation was about eqial ‘to ¢channel aggredation at the mid and upper

" stream k-sections suggesting that the channel was relatively stable in those areas.. The

chahnel at ‘the lower stream x-section, which had a net degradation, appeared to be
' unstable due to erosion .‘of a constructed gravel berm c;md ‘bank wasting.

';1‘:he ‘water qixality of Canyon Creek was very good and only affected by suction
‘dredging near the dredge when it was operated;'In comparison to other Trinity River
ﬁ"ib‘utaries, Canyon .Creek has excellent water clarity (Calif. Dept. Water Resources :1980).
Turbidity, suspended sediment, conductivity, and total dissolved solids were low duping the
study. The greatest amount of sediment produced in the drainage was not by suction
dredéiné but by surface placer miners that sluiced tailings into‘the stream, debris that
were dumped over the bank during the grading of -a private road and when a substance
used to flocculate suspended- silt in a settling pond of a high bar mining operation. leeched
through the banks into the stream. The leaching increased turbidity and conductivity and
impacted water quality downstre*ain for 3 to 4 days. Some of these operations..produced.
turibidities above 15 NTU that were detectable 4 miles downstream.

Stream temperatures in Canyon Creek were generally suitable for anadromous
salmonids. During late July énd early August, temperatures near the Amouth of Canyon
Creek approached the upper lethal limit for rainbow trout (McAfee 1966) and salmon
{Brett 1952). However, since the-st;‘eam cooled 5° to BOC eacﬁ night, thé duration of the
high temperatures was short and localized. Seepage into the stream from groundwater and
substream flow pr‘ovided pockets of cooler water in the summer months. Stream
temperatures in the study ared were generally well within the fecommendéd ranges for
spawning, incubation, and rearing of salmonid fishes (Reiser and Bjornn 1979) and dredge

mining had h‘ttle,_ if any, impact on water temperature.
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Dredging and Invertebrates

Artificial substrate samplers reduce bias, standardize sampling and require fewer
samples than other benthic samplers for a given coefficient of variation (Crossman and
Cairns 1974; Dickson et al. 1971). The samplers collected a greater diversity and
abundance of benthic organisms than the Peterson Dredge (Anderson and Mason 1968).
Barbeque-basket substrates collected more organisms than flexiring or Hester-Dendy
multiple-plate samplers, and species composition of the basket samplers was more similar
to natural substrates than other artificial substrate samplers (Ferreira 1976). Artificial
substrate samplers allow collecting from habitats difficult to sample by other metheds, and
permit nondestructive sémpling of an environment (Rosenburg and Resh 1982).

One disadvantage of the artificial substrate sampler is the long exposure time
needed for colonization (Rosenburg and Resh 1982). Stability in the number of taxa and
specimens and the Shannon-Weavgr Diversity index through time had not occurred after 9
weeks when using conservation-web substrates (Dickson and Cairns 1972). However, they
noted that conservation-web substrates were not reliable for collecting quantitative data.
Another disadvantage is that macroinvertebrates are often lost when artificial substrates
are retrieved (Rosenburg and Resh 1982, Harrington 1983). We believed that our
extraction technique minimized escape.

The number of invertebrates sampled with BAS samplers in BEF peaked between
the two and four week periods. Total number of invertebrates had decreased at the six-
week colonization period while diversity had correspondingly increased. Gore (1982) in a
review of the literature found that maximum invertebrate density was reported for 21 to
30 day colonization periods and postulated a graphical presentation of increasing number
of taxa with time that is similar in form to the colonization curve presented in Figure 6

for the Shannon-Weaver Index. He suggested that the equilibrium community was attained
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after achievement of maximum density through- arrival.:of rare species andintraspecific
competition. =

Although basket-type samplers may be more representative of..stream habitat than
other artificial substrate samplers, these samplers are selective for organisms that colonize
them '(Rosenburg and Resh 1982). The BAS samplers in this study provided a:small .cobble
habitat in deep riffles that was prevalent at all sites. Pool habitat was not sampled to

reduce variation. Minshall and Minshall (1877) found that pool fauna contained'no

important taxa over those found in riffles, with the more diverse fauna-in riffles. The

absence of Orohermes crepusculus inlBAS samplers from BEF was most likely due to an
observed preference for larger cobble substrate. Crossman and Cairns (1974) suggest that
aquatic invertebrates tend to selectively colonize areas with specific substrate
characteristics.

' Functional group composition was generally similar between BAS and kick.-samples
for the 6-week colonization period. However, composition of pr;edators ‘was lower and
shredders higher in BAS samplers When compared to kick samples for Site 1.  Autumn
funtional group composition for a tbird order Oregon stréam was: shredders, 42%;
collectors, AJZ%; grazers, 21%; filterers, 8%; and predators, 17% (Hawkins and Sedall 1981).
Minshall (1981) reported: 33% grazers, 78% collectors (gatherers and filterers), with <5%v
filterers in pumbers, for a third order Rocky Mountain stream. The low percentagé (;f
grazers in this study (<6%) may reflect low primary production and dependence on
autochthonous input for the Canyon Creek Basin. Vannofe et al. (1980) proposed that low
order stream systems w‘ith photosynthesis/respiration ratios 1e$s than one would be
composed of collectors, shredders, predators, and grazers in respecfi\le abundance.

Operation of suction dredges results in a pocket and pile stream morphology which
impacts the physical and biological nature of the area. The two dredge holes in BEF
were excavated to depths of 2 m and both holes filled in with stream substrate after high

flows during winter. Siltation conditions at BEF below where dredging occurred rémained
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about the same until high winter flows flushed the streambed. As suction dredge mining
excavations in the Caﬁyon Creek Basin commonly exceed a meter in depth, stream bed
storage of organic matter could be substantially impacted within the localized dredged
area.  Cummins et al. (1981) report that peak organic matter storage was found in
sediments 15 to 30 cm in depth for Oregon streams in old-growth forests. The bedload
movement that filled the dredge holes i.n BEF may have restored some of the depented
organic matter which is necessary for invertebrate colonization. Egglishaw (1964) found
that the distribution of bottom fauna was significantly correlated with the distribution of
plant detritus in the riffle.

Disturbed stream bottom, such as dredged areas in Canyon Creek Basin, “are
primarily recolonized by drift in 1-3 months (Lewis 1962; Waters 1964; Meeham 1971;
Griffith and Andrews 1981). Thomas (1985) found invertebrates recolonized dredge holes ,
less than 1 m deep within one month for all taxa except Tricoptera. She suggested that
downstream sediment deposition may have impacted this group. Harvey et al. (1982)
observed little recovery of Tricorythodes sp. and Chloroperlidae two weeks after dredging
ceased.

The impacts of dredging on benthic organisms must be viewed with regard to BAS
sampler colonization dynamics. In this context, silt-free uncolonized habitat was
introduced into a stream ecosystem with seasonally abnormally high sedimentation and
organic input levels. This process was exemplified by mean number of invertebrates per
BAS sampler in which the below dredge BAS sampler population peaked before the above
dredge BAS population. The rapid increase in suitable microhabitat found in BAS samplers
below dredge areas, due to high siltation levels, would result in accelerated colonization.

Benthic invertebrate abundance did not increase at stations downstream of dredging
in BEF and Canyon Creek. Thomas (1985) found no increase in invertebrate density
downstream of gold dredging and attributed this to increased predation by fish, and

inability of invertebrates to locate suitable habitat. During diving surveys, we observed
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Salmo gairdneri .congregating and selectively feeding on -benthic invertebrates :displaced by -

. dredging. °

The impacts of dredging at BEF did not result in differences for.:Shannon-Weaver
. diversity indices above and below the dredge activity. Mean diversity indices for all BAS
. sites were well within the range (2.60 to 4.00). found for "healthy" streams ‘by Wilhm
{1870). Iﬁ heavily silted experimental sfream channels Brusven and Prather (1974) found
short term decreases in diversity. In moderately silted Knapp Creek, Idaho, the overall
insect'.community was not affected, but particular species were adversely -affected.
Benthic insect diversity was adversely affected when cobble imbeddedness exceeded 66%
in Elk foeek, Idaho {Bjornn et al., 1877).

The number of Annelids increased with time ‘at the below dredge sites in Ca‘nyonv
Creek and BEF with no‘similar increase observed at above sites. Inc:eased sed_igngnt and
organic matter deposited in BAS samplers below dredging provided enhanced habitat and
Annelid abundance i_ncreased.

The -total number of invertebra;ces and Diptera were greater in below dredge
samplers earlier (2 and. 4 week periods) than in .above .dredge samplers. However, at the
6-week colonization peried, the numblers of Diptera per BAS sampler at above and below
dredging sites were similar. The numerically dominant 'Dipterans, Eukiefferiella sp. and

Corynoneura sp., were gatherers, a functional group observed by Gore (1982) as initial

habitat colonizers.

Ephemeropteréns shox;\zed no overall negative response to dredging. Baetis sp.
numbers showed a significant positive relationship to sediment. Heptageniid taxa showed
similar responses to sediment, along with a preference for high velocities. Harvey (1982)
found no changes in abundance of Baetis sp. below dredging and suggested ﬁhat the
'deposjt'.ed substrate may have been as suitable as the prior cobble substrate. Ecological

niche requirements for Ephemeropterans may be broad enough that moderate siltation

levels do not impact populations.
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Plecopteran taxa showed varied responses to dredge mining and Trichopterans

showed no significant response. Numbers of Zapada sp. were reduced at below dredge
sites, which may be a result of their avoidance of sediment loads, they had an inverse

relationship with sediment. Calineuria californica abundance was higher below dredging,

and had a significant relationship with depth and sediment. Harvey (1982) found increased
numbers of Calineuria sp. below dredging and suggested that the siltation from dredging
may cover hiding places and render prey more accessible to predators such as Calineuria.

Increased homogeneity of substrate made aquatic insects more susceptible to predation by

Cottus rhotheus (Brusven and Rose 1981).  Analysis of Trichopteran taxa illucidated
colonization trends resulting more from colonization dynamics than dredging impacts.
Functional group analysis illucidated trophic responses to dredging impacts of
pooled taxonomic groups that were individually sparse. Grazer numbers showed a gradual
increase in time that was higher at the above dredge sites. Grazers feed upon
periphyton, and it is possible that silt limited periphyton production or grazer access at

below dredge sites. Hynes (1974) reported that siltation smothered algal growth.

Composition of gatherers at below dredge sites was higher than at above sites. This may ..

have resulted because more organic matter was present below dredging, along with a
tolerance of gatherers to silty substrates. Filterers quickly colonized the new habitat

provided by BAS samplers, but decreased in number at below dredge sites as siltation

increased. Harvey (1982) found Hydropsyche sp. numbers severely reduced below dredging.

operations, and noted a reduction of clean cobble habitat in these areas. High sediment

load clogged cone shaped nets constructed by Cheumatopsyche sp. and inhibited feedihg

(Gammon 1970). Shredders were more abundant at above dredge sites. Preferred leaf

matter and shelter for these taxa were probably covered with silt below dredging.
Cummins {1974) noted a nutritional dependence by shredders on the microbial flora on th_e

organic substrate rather than the substrate itself.
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Ecological_differences between Canyon ;Creek and BEF were more important than
suction dredge mining impacts on ,_;,_bent;m;_:‘ invertebrates. .. .However, specific taxonomic
_groups in C,a:pyon \Cg‘-ee}gﬁ respor_,l'de(_i__ .’gp dredge mining impacts from BEF. Grazers..were
more abundant in Canyon Creek due to .increased sunlight from more open ‘_s'tr\‘eam and
tger?gf;)ggﬂhi%};%:\periphyt.dn___ gppv_gth. .Shredders. were more numercus in, BEF. apparently due
_ to greater céﬁogy coverage which resulted in higher leaf matter input into BEF., Leaf
pack input into Canyon Creek from BEF may have increased shredder abundance in Canyon

Creek below BEF. Differences between creeks were significant on the ordinal.level, while

‘no differences were observed between .abbve and. below sites on Canyon Creek. Annelids
were more numerous in Canyon Creek below BEF as a result of increased silt load.
Nemourids We1~e more abundant in the upper Canyon Creek site, probably a result of leaf
.pac,k siltation at the lower Canyon Creelt site. Increased prey avéilability, .discussed
previously, may have enhanced C. californica populations which were ﬁore numerous in

Canyon Creek below BEF. Thomas (1985) found no downstream impacts to invertebrates

from a 6.4 cm diameter ‘dredge operated in Gold Creek, Montana. BEF appeared to

contain a higher proportion of fines, steeper gradient, and .more extensive dredging than

occurred in Gold Creek, Montana.

The sedimentation that resulted from suction dredge mihing in BEF appeared to
have little influence on benthic invertebrate drift in BEF for all functional groups except
gatherers. The abundance of gatherers in drift may .have resulted from excess production
in BEF below the dredge site of may have resu.lted from the dredging. E‘r-xtrainment and
subsequent drift of invertebrates as the result of suction dredge mining has been observed
(Lewis 1962; Griffith 1981). Gammon (1970) observed increasing sediment concentration
elevated drift rates, while Bjornn et al. (1977) found ﬁo relationship.  Pearson and
Franklin (1968) postulated tﬁat turbidity reduced light penetration in the water column and

triggered behavioral drift.
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Turbidity plumes created by gold dredging in BEF were visible in Canyon Creek, a
distance of 123 m downstream. Lewis (1962) observed a 61 m plume below a 12.7 cm
dredge. Griffith (1981) found low turbidities below a 7.6 cm dredge used in two Idaho
streams. ’furbidity levels in BEF were higher below dredging and peaked at 15 NTU.
Harvey (1982) observed turbidities to 50 NTU resulting from gold dredging and LaPerriere

(1984) measured turbidity levels of 1665 NTU in Alaskan streams. There has been concern

that high turbidity levels adversely affect feeding activity by salmonids. Sigler et al.

(1984) found that salmonids subjected to continuous turbidities of 25 NTU had lower
growth than control fish. Brusven and Rose (1981) found no affect of suspended sediment

ou feeding by Cottus rhotheus. Harvey (1982) observed no deleterious affects on salmonid

feeding from suction dredge siltation.

Suction dredging may have an affect on silt deposition, temperature and
conductivity. At the Canyon Creek and BEF sites, there was a significant relation
between settleable solids and turbidity, but there was no relation when the the sites were
pooled. Duchrow and Everheart (1971) found a high correlation between turbidity and
weight for individual sediment types, although it varied between sample and station.
Temperatures above and below dredging sites in Canyon Creek and BEF were virtually
identical, indicating no apparent impact on water temperature from dredging. Casey (1959)
found dredged stream sections ﬁad higher temperatures than controls. Conductivity levels
at all sites in Canyon Creek Basin varied near 50 micromhos.

Welton and Ladle (1979) believed that sediment traps could not give net rates of

sedimentation, but rather give an estimate of the amount of material potentially available.

to settle on a particular area. The peak sedimentation rate below the dredge in BEF
{1711 g/mz/day) was comparable to estimates derived by Harvey et al. (1982) for the
North Fork American River, CA (2070 g/m®/day) and by Thomas (1985) (1720 g/m?/day)
for Gold Creek, MT. In BEF, 21% (by weight) of sediment trapped 501 m below the

dredge was less than 0.1 mm and at 113 m, 38%. Griffith and Andrews (1981) found that
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fine ssediment-lléss than .05 mm in diameter comprised up to .18% by weight of the

overburden dredged. e . . L

.Sediment in BEF had not -returned to -background levels at 113 m downstream of

-

. <the dredge, and had slightly :impacted -the -lower Canyon Greek. site. -Thomas (1985) noted

that the :bulk of sediment -deposition occurred. within -20 m downstream -.of -the -dredge,

. however; .sediment levels had not returned to..background levels at 30 m. .Harvey et al.

{1982) observed sediment deposition to 60 m downstream. In BEF sediment from dredging
‘was displaced..further .downstream than in other studies because of -the steeper stream

gradient, -and a. higher proportion of fines released in the overburden. Harvey (1982) has

.suggested that :sediment deposition downstream was determined by size -and density of

dredges, stream size, and proportion of fines in the substrate. .

Sediment coﬁcentratioﬁs measured in BAS éamplers indicated relative «dffferences
between sites in sediment load, but did not quantitatively measure depositiom-ipates in
samplers, As samplers were femoved from the streambed, some fines were l‘_osf through
the nets used to contain invertebrates within the sampler. Some BAS samplers below the
dredge were  completely silted over. Sediment fractions from‘ these sampleré would
underestimate siltation rateé.

Suction dredge mining alters streambed morphology by creating a poéket and pile
streambed profile and forms bars as lag deposits, sorting out larger particles as finer

particles are moved downstream. In Canyon Creek and BEF dredge tailings were generally

“displaced with the first high water and the streambed  had returned to its ppedredging

configuration after winter high flows. Two dredging opewtiops on Canyon Creek removed
or displaced large boulders to access placer depbsits. This activity would alter substrate
and streambed mofpho].ogy for several years, or until a large flood event occurred.
Dredges on Canan Creek seemed to be spaced far en‘ough apart, and operated at low
enough levels during the study not to result in cumulative impacts. Harvey et al. (1982)

found no cumulative dredge impacts in Butte Creek, CA. However, siltation from a large
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number of disturbed tributaries may overload downstream reaches with sediment, and

impact aquatic productivity (Murphy et al. 1981).

The two 4 inch suction dredges that operated on the BEF produced extensive
localized impacts. Dredge holes were excavated to a depth of 2 m. The organic material
and sediment displaced downstream of dredging impacted abundances of benthic
invertebrates in different ways depending upon ecological requirements, Most sediment
had redeposited below the dredge in BEF. The study site in Canyon Creek below BEF
showed minimal alterations in benthic invertebrate populations. Sediment and organic
material in Canyon Creek samplers below BEF indicated elevated depositional rates as
compared with the upper Canyon Creek site. The sedimentation did not resuit in major
alteratioﬁs in taxa composition.

Impacts by suction dredge mining to benthic vinvertebrate populations in Canyon‘
Creek Basin were minimal at the present level of dredging when compared to bedload
movement as the result of storms and snowmelt. Extensive literature exists which attests

to the dispersal and reproductive powers of benthic invertebrates.
Dredging and Salmonids

In Canyon Creek, the diet of age-O steelhead was predominately smaller
invertebrates such as _B_;"Le_tlg sp. and Chironomidae. Age-1 steelhead fed mainly on
Baetidae and Chironomidae, although their overall diet included much larger invertebrates
(Peltoperlidae, Perlodidae) than age-O fish. Age-1 steclhead also fed on other salmonids.
Age-2 steelhead fed on '1arge aquatic insects such as Perlidae and Orohermes crepusculus,
which were an important food item in terms of weight. Baetidae and Chironomidae were
again the dominant food item numerically. Juvenile steelhead had a diurnal feeding trend
for aerial insects in Canyon Creek. Although aquatic insggts predominated over terrestrial
insects in the diet of ‘all steelhead agev groups, terrestrial insects were a more important

food source for juvenile steelhcad than for age-0 fish. Johnson and Johnson (1981) found
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_ prey..were important diurnally.

!

.that aquatic. invertebrates were.the principal food of age-0 steelhead, although terrestrial

Nocturnal f;eedip‘g;wby age-0 steglhe;ad was almost

exclusively .upon aquatic invertebrate (Johnson and Johnson 1981). Jenkins et al. (1970)

concluded..that aerial insects were abundant food items diurnally, while benthic insects

were abundant.at night for hatchery rainbow trout introduced into a mountain stream.

The composition of steelhead diet for all age classes varied in different stream

sections, most likely a result of changes in habitat and food availability. Hiss (1984)

observed that steelhead exploited various temporarily abundant food resources in Willow

Creek, .CA. Jenkins et al. {1970) found that rainbow trout consumed aerial and benthic
insects in roughly the same proportion as their occurrence in the drift. Johnson and .

Ringler (1980) concluded that the diet of steelhead was closely associated with the bottom

fauna present. _ ‘ : . e

Suction dredge mining at levels observed in Canyon Creek probably did not impact
steelhead feeding. The mining did not significantlyb reduce the abundance of aquatic
invertebrates (only species composition locally) and \steelhead fed opportunistically. In
fact, juvenile steelhead were observed feeding.on invertebrates that had been entrained in
and dislodged by dredge. Thomas {1985) observed cutthroat trout feeding on dislodged
invertebrates in the dredge outfall. |

The mean length and weight, and production'ofv steelhead in Canyon Creek were
similar to values reported in other northcoast streams. Lengﬁh of steelheaa in September
in Canyon Creek was comparable, but somewhat shorter than length of steelhead from
other northern California streams. (Table 40). However, weight of juvenile steelhead from
(5anyon sreek was greater than weight from other areas and production (kg/ha) was as
good or better than in other areas (Table 41). This would suggest that suction dredge

mining did not impact growth or production of steelhead populations in Canyon Creek

during the study. Impacts of dredging upon individual fish could be more variable,

depending on the nature of the dredging operation and fish species involved. Harvey
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(1982) ‘fouud no differences in trout density attributable to dredging in general, however,
in one pool reduced fish density was a direct response to dredging decreasing pool
volume. He also observed that sculpin abundance downstream of the dredged area was
significantly less than in the control area and suggested that the microhabitat of bottom

oriented stream fishes such as sculpin are more readily altered by dredging than those of

less benthic species.

Table 40. Length and weight for steelhead in September in northern California streams.
Length Weight
Author Date Location Year Age  (mm) (g)
Present study 1986 Canyon Creek 1982-1984 0 62 4.3
1 116 18.0
2 158 43.3
Pennington 1986 Manzanita Creek 1974 0 70-80 -
Barnharl et al. 1983 Browns Creek 1979-1982 0 <98 3.2-6.2
>1 - 23.9-32.9
Reeves 1979 B, Fork of
: N. Fork Mad R. 1977 0 61 2.8
Cross 1975 Singley Creek 1969-1970 0 65 -
1 105-125 .
Burns 1971 N. Fork Casper
Creek 1967-1969 0 51.54 -
' 1 106-123

Table 41. Production estimates for juvenile steelhead in September in northern
California streams. :

: Production
Author Date Location Year (kg/ha)

Present study 1886 Canyon Creek 1984 10.9 - 61.0

' 1982 3.1 - 101.6

Pennington 1986 Manzanita Creek 1974 12.0 - 194

Barnhart et al. 1983 Browns Creek 1979-1982 21.3 - 77.7

Reeves 1979 K. Fork of

N. Fork Mad River 1977 05- 20

Cross 1975 Singley Creek 1969-1970 36.6 - 78.6
Burns 1971 Bummer Lake Creek 1967 39.8

Burns 1971 N. Fork Casper Creek 1967-1969 11.3 - 146

116



Entrainment of fish through suction dredges was not observed in this study.

Griffith and A‘ndrews (1981) observed high mortality (83% after 10 days, compared to 9%

for controls) of suction dredge entrained rainbow sac fry. They observed no mortality for

e

20'underyeérling brook trout (Salvelinus fontinalis) after entrainment. Harvey (1982)

observed a small pumber of juvenile trout and sculpin that showed no immediate ill effects
after dredge entrainment.

The level of suction dredge mining activity in Canyon Creek did not impact
steelhead feeding, growth, and abundance. Present dredge mining regulations protect
vulnerable life stages of salmonids (eggs and sac fry) from dredging .activity in northern
California streams. However, larger dredges, dredges operating in close proximity, or
mined tailings introduced into the stream may produce greater impacts to salmonids.
Dredge ﬁ\ining impacts to salmonids will vary with the natural sediment load and gradient
of the stream, affecting the ability of éhe stream to displace sediment ‘dov.mstream and
clean pools and riffles. |

Since the.complefion bf the Triﬁity River Division (TRD} of the Central Valley
Project (CVP) in 1963, salmon and steelhead runs in the Trinity River Basin have severely
declined - approximately 80% for chinook salmon (from an estimated 50,000+ spawners to
11,000), and 60% for éteelhead (from an estimated- 24,000.spawners to 11,000) (USFWS
1980).. The féw salmonid redds and carcasses locatea in Canyon Creek during the last 15
years reflect . this trend of - declining numbers of salmonids returning to spawn {Table 42).
LaFaunce's 1965 estimate of 244 steelhead redd$ in Canyon Creek was most. likely the
result of spawner displacement due to the closure of Trinity River Dam in 1963 which

forced steelhead to -utilize the Trinity River and ‘tributary streams below the dam.

'Subsequent surveys in Canyon Creek have found few or no redds and carcasses. The redd

surveys during 1984-1985 were the most extensive ever conducted in Canyon Cresek and

probably are the most accurate record of salmonid escapement for the stream.
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Table 42. Salmonid spawning surveys in Canyon Creek, Trinity County, California.

Redd count

Steelhead Chinook _ Coho
Carcass count Ripstein Clear
Year Chinook " Mainstem Gulch Gulch Spring Fall
19642 232 | 12
jereP 16
1972° 8
1982¢ 31
19834 0
1984° 15 4 0 8
1985t 8 15 1 9 4 1

A aFaunce, D.A. 1965. A steelhead spawning survey of the upper Trinity River systenﬁj
Calif. Dept. Fish Game, Marine Resources Admin. Report No. 65-4. 3 pp.

bRngers, D.W. 1970. A king salmon spawning escapement and spawning habitat survey in
the upper Trinity River and its tributaries. Calif. Dept. Fish Game, Anadromous Fisheries
Admin. Report No. 70-16. 13 pp.

CRogers, D.W. 1972. A steelhead spawning survey of the tributaries of the upper Trinity
River and the upper Hayfork drainage. Calif. Dept. Fish Game, Anadromous. Fisheries
Admin. Report No. 72:12. 6 pp. ‘ ‘

dCalifornia Department of Fish and Game, Anadromous Fisheries Branch, files Arcata,
California. .o S

“Present study.

Present study, carcass count by Calif. Dept. of Fish and Game, Anadromous Fisheries
Branch, Arcata, California.
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W'lter depth and veloc:ty and gravel oomposmon at steelhead spawning areas

(reddq) in Canyon Creek were s1mllar to those reported by other authors (Table 43),

TS

Average steelhead redd size may have been less in Canyon Creek than reported elsewhere

due to the emall size of Trmlty Rlver adult stee]head (CHZM H111 1985) and the selectxon
of pocket, gravels behmd large boulders (Moffett and Smlt_h 1950). The steelhead spawmng
season in the Trinity River system, reported by Moffett and Smith {1950), extends from
February through the first week of June with a peak in late March and early April,
LaFaunce'(l965) observed a steelhead spawning peak in Trinity River tributaries between
April 5 and 15 in .1964; In 1971, Rogere (1972) reported the peak occurred before April
1. In 1984 and 1985 steehead in Canyon Creek were. observed spawning from early
February through May with a 1984 season peak in early April and & 1985 season peak in

late May. [n 1985, high April streamflows may have delayed the spawning peak or

obscured its earher occurrence.

Table 43.  Steelhead redd characteristics.

Substrate

"Redd Water particle
‘ " area Depth Velocity - size
Location " Source (m®) (cm) {cm/s) : {(mm)
Canyon Creek, CA Present study 2.17 29.6 61.5 8.5 - 47.1
Dry Creek, CA  Carroll {1985) 17.3 34.1 6.3 - 76.1
Idaho Orcutt, Pullman . '
& Arp (1968) 5.17 - - 1.27- 50.8
Oregoh Sams & Pearson
(1963) - 38.6 64.8 -
Prairie Creek, CA Briggs {1953) - 244 67.1
Oregon  Smith (1973) .4 62.8
Washington Hunter (1973) 4.40 - - 6.0 -102.0
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During the fall of 1985, streamflow conditions permitted distinguishing between
spring-run and fall-run chinook redds. Spring-run chinook constructed redds at a time
when low streamflow in Canyon Creek did not permit fall-run chinook from the Trinity
River to enter Canyon Creek. With upstream migration blocked, spring-run chinook
spawning was separated geographically as well as in time from the spawning of fall-run
chinook.

_Water- depth and velocity in Canyon Creek when spring-run chinook salmon were
spawning were slightly less than parameters reported by other authors (Table 44), but
streamflows were unusually low in early fall of 1985. The size of spring-run chinook
salmon redds in Canyon Creek were similar to these reported by others with the exception
of Moffett and Smith (1950). Their average redd size of 10.04 m‘2 is quite large and may
be the result of their attempts to establish the minimum area required by one spawning
pair.  Typically, spring-run chinook redds are from 3 to 6 m2 (Marcotte 1985). The
general pattern of spring-run chinook migrating and spawning higher in the watershed than

fall-run chinook {Marcotte 1985; CH2M Hill 1985) was observed in Canyon Creek

Table 44, Spring-run chinook salmon redd characteristics.
Redd Water
area Depth Velocity
Location Source {m“) {cm) {cm/s)
Canyon Creek, CA Present study 4.32 19.8 40.9
Oregon Smith (1973) - 31.1 43.0
Oregon Sams & Pearson (1963) - 30.4 43.6
Columbia River
Drainage, OR Burner (1951) 3.26 22.2 61.0
Trinity River, CA Moffett & Smith
{1950} 10.04 - -
Deer Creek, CA Needham et al.
(1943} 3.90 - -
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The water depth and velocity at fall-run chinook salmon -spawning areas - were
-similar to reported values (Table 45). The average size of fall-run chinook salmon redds
in Canyon Creek was similar to the values reported .by..Burner (1951) and .Buck (1986).

-Fall-run chinook salmoh redds were all constructed in the lower 6 km of the study area

&
and most were in the vicinity each year. Four redds were located within a few meters of
& ' a_site selected during the previous chinook spawning season.
Table 45. Fall-run chinook salmon redd characteristics.
Redd Water
. . area Depth Velocity
Location , Source o . {m“) {cm) {cm/s)
~ Canyon Creek, CA Present study v : 5.24 32.9 581
Trinity River, CA Buck (1986) 5.30 43.0 44.0
Battle Creek, CA Vogel (1982) N X 56.8
Oregon Smith {1973) . 39.0 . 49.7
Oregon Sams & Pearsen (1963) - 30.4  43.6
| Coquille River, OR Hamilton & ‘
: Remington (1962) - "36.6 71.6
Prairie Creek, CA " Briggs (1953) - 33.5 61.0
Columbia River
Drainage, OR Burner (1951) 4.90 26.3 56.4
8

- ’I‘};e time of peak chinook spawning in the upper Trinity River reported by Moffeft
and Smith (1950) coincided with observations in Canyon Creek. Spring-run chinook salmon
spawning peaked in mid-October and fall-run chinook in late October/early November.
Spawning. gravel did not appear to be a limiting factor in Canyon Creek. Salmonids
spawned in only a portion of the gravel areas considered suitable and spawned in a few

areas not Jjudged as suitable. Fredle index values suggested the quality of spawning
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gravels in Canyon Creek was good to excellent for both chinook salmon and steelhead.
At only two steelhead redds did the predicted survival-to-emergence drop below 70% to
50%. Low spawning escapement and high winter/spring flushing flows are more likely to
be limiting factors upon in-stream fish production than available spawning habitat.

Moffett and Smith (1950) reported chinook fry emergence in the Trinity River Basin
began in January and continued through May with spring-run fish emerging first. However,
in Canyon Creek chinook fry were not observed until late February and small schools were
not visible until ‘April and May. Cold winter temperatures in Canyon Creek may slow
down the developmental process and delay the majority of fry emergence until April and
May. High streamflows during the late winter and spring may limit newly emerged fry to
protective areas under rocks and-ledges, which would have greatly reduced our ability to
observe them. By June, chinook fry had left Canyon Creek and probably migrated
downstream to the Trinity River with spring run-off. The downstream migration of
juvenile chinook in the upper Trinity River usually peaks during May and June (Moffett
and Smith 1950). Steelhead fry have been reported to emerge in the Trinity River from
fate April to June (Moffett and Smith 1950). In Canyon Creek, the observed timing of
steelhead fry emergence from May through July was dependent upon the location of the
redd. Steelhead‘fry emerged later in the season in the upper study area. Protracted
spawning and colder waters in upsiream areas probably prolonged steelhead hatching and
incubation periods.

Canyon Creek currently supports a small population of spring-run chinook and
summer-run steelhead. The few' deep pools in the study area contain some of these
adults, but the majority of summer-holding chinook and steelhead were found in the most
common summer pool feature of Canyon Creek (1 to 1.5 m deep pools at stream meanders
or bends). In August, spring-run chinook adults were generally concentrated in the middle
section of the study area near Conrad and Rarick gulches. The well-developed overhead

cover and frequent small pools of this area offered the most suitable summer-holding



habitat for adults in Canyon Creek. Durmg late October, these fish spawned in this same
vicinity. Marcotte (1985) suggested th‘at';in the Trinity Basin only a small portion of the
naturally spawning spring-run chinook was native and the remainder was of hatchery origin.
In Canyon Creek, 17.2% -of spring-run _chinook ‘were adipose -fin clipped. - Since -26.5% of
the 1985 Lewiston hatchery spring-run adult retums;-were -adipose -clipped:{G. Bedwell pers.

comin.) it is highly probable that the majority of sprin'g-run chinook in Canyon .Creek were

hatchery “strays.
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SUMMARY

At the present level of suction dredge mining in Canyon Creek, anadromous
salmonids and habitat were only moderately affected. Spring-run chincok salmon and
summer-run steelhead continued to hold in the creek and were in close proximity to
dredging, some fish were located in pools within 50 m of active dredge operations.
Salmonids spawned in the vicinity of the previous season's suction dredge mining, but
salmonid redds were not located in dredge tailing piles. High stream filows transport
materials that fill-in dredge holes and disperse tailing piles. The gravels dispersed by the
high stream flows, which included dredge tailings, certainly composed a portion of the
suitable spawning gravels each year,

Salmonid fry emergence and rearing in Canyon Creek did not appear to be impacted
to a high degree by suction dredge mining. All chinook and coho salmon fry had emerged
before the start of the dredging season. Some steelhead fry did emerge from areas in
the upper creek during June and early July. It is possible, though unlikely, that some
steelhead redds could be disturbed by dredging. However, limited dredge mining occurs in
the upper creek and normal June stream flows are high enough to limit access by
dredgers. Coho salmon and steelhead juveniles appeared to rear normally in the creek and
were observed using dredge holes in the summer. Steelhead juveniles received the
greatest exposure lo dredging activity as they rear in Canyon Creek up to three years,
but their feeding, growth and production did not seem to be impacted at the current level
of dredge activity.‘

The effects of suction dredge mining on invertebrate colonization of BAS samplers
were variables. Functional feeding groups had the following response in BEF: grazers
and shredders were more abundant above dredging and gatherers more abundant below;.no

change in abundance was noted for filterers. Ecological differences between Canyon
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Creek and BEF were also important in determining colonization of samplers. Overall, the
impacts of suction dredge mining ﬁo'béﬁthib invertebrates at the study site were minimal.
Suction dredging in Canyon Creek results in a pocket and pile streambed profile.
‘The iinpai:tdpf dredging on charg:\_nel gggrpgrphology ‘were ciqr_tfi“ped to the é"re:;_ dredged and
ig}»g}ggigtelg.gown.gtream. Most dredge ’§ite‘s were :_ir}ot‘_glpqt‘icgable' the fgl@c;wing year as
:l-ligh stream Fflows transported material and filled-in” dredge holes gvrld"ﬂ’disg:e.r;sed tailing

piles. Water quality was good in Canyon Creek and only effected by suction dredging

near the dredge when it was operated. Since dredges were operated only 2 to 4 hours a

day and not every day, their effects on water quality were for a sﬁort time. The
éreatest amount of sediment produced in _the drainage was not by suction drgdgingvbut by
surface placer miners that sluiced tailings into thé stream, road building and leachfng of a
flocculate ffom a settling pond. Stream temperatures wefe not changed by dredg}pg,

The current CFG dredging codes were not always followed. We obseryed that
some dredgers had undez;cut banksl, channelized the stream énd damaged ripar.ian,. Dredging
the stream bank fr-quuevnt]y resulted in channelizing the stréam to maintain adequate water
flow in the working area, ‘bank undercutting and removing streamside vegetation. The
damage’;to the streambank destab’ﬁzed the channel and accelerated bank erosion.  Some
dredgers removed large boulders with a dragline to access placer deposits and the removal
could alter streambed morphology for several years.

The studies demonstrated that the impacts of suction dredge ‘mining on fish and

habitat .werée moderate. The impacts were seasonal and site  specific. The current

regulations controlling dredge aperature size and season appear adequate to protect

habilat, but careful monitoring of mining activity is advised.
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